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The Naval Postgraduate School (NPS) was estab-
lished to serve the advanced educational needs of the 
Navy. The broad responsibility of NPS is reflected in 
its stated mission:
To increase the combat effectiveness of commissioned officers 
of the naval service to enhance the security of the United States. 
In support of the foregoing, and to sustain academic excellence, 
fosters and encourages a program of relevant and meritorious 
research which both supports the needs of the Navy and Depart-
ment of Defense (DOD) while building the intellectual capital 
of the Naval Postgraduate School faculty.
To fulfill its mission, the Naval Postgraduate 
School strives to advance innovation in the Navy and 
prepare officers for introducing and employing future 
technologies. The research program at NPS supports 
the mission of graduate education. Research at NPS
• advances knowledge in a wide range of  
  disciplines relevant to DON/DOD; 
• maintains upper-division course content and 
  programs at the cutting edge; 
• provides the opportunity for students to 
  demonstrate independent graduate-level 
  scholarship in their areas of study;
INTRODUCTION
The Naval Postgraduate School is pleased to present the thesis, capstone-project report, 
and dissertation abstracts (hereafter thesis or terminal project) for unrestricted research 
completed in September 2015 by the graduating class.
• Civil–Military Relations 
• Combating Terrorism Strategy and Policy
• Defense Decision Making and Planning 
• Homeland Security and Defense 
• Security Studies
• Stabilization and Reconstruction
• National Security and Intelligence, Regional 
  Studies:
- Middle East, South Asia, Sub-Saharan Africa
- Far East, Southeast Asia, the Pacific
- Europe and Eurasia
- Western Hemisphere
School of International Graduate Studies (SIGS)
The unique programs and faculty expertise within SIGS seek to identify and address current and emerging security challenges and 
strengthen multilateral and bilateral defense cooperation between the United States and other nations. Areas of expertise range from 
nuclear nonproliferation to counterterrorism; from the history of war to emerging biological and cyber threats; and from the security 
aspects of political economy to international law. 
ACADEMIC PROGRAMS
MISSION
• challenges students with creative problem 
  solving experiences on DOD-relevant issues; 
• solves warfare problems; and
• attracts and retains quality faculty with 
  state-of-the-art expertise.
To meet its educational requirements, the Navy 
has developed a unique academic institution at NPS 
and via distance learning (DL) through specially tai-
lored academic programs and a distinctive educa-
tional experience tying academic disciplines to naval 
and joint warfighting applications. NPS has aligned 
its education and research programs to achieve three 
major goals: 
1. nationally recognized academic programs that 
support the operations of the Navy and Ma-
rine Corps, our sister services, and our allies; 
2. research programs that focus on the integra-
tion of education and research in support of 
current and emerging national security tech-
nologies and operations; and
3. executive and continuing education programs 
that support sustained intellectual innovation 
and growth throughout an officer’s career.
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Graduate School of Operational and Information Sciences (GSOIS)
• Applied Cyber Operations 
• Computer Science (residential and DL)
• Computing Technology (DL)
• Cyber Systems and Operations
• Cost Estimating and Analysis (DL)
• Electronic Warfare Systems (International)
• Human Systems Integration
• Identity Management and Cyber Security 
  (residential and DL)
• Information Sciences
• Information Systems and Operations
• Information Systems and Technology
• Information Warfare
• Joint C4I Systems
• Joint Information Operations
• Joint Operational Logistics
• Modeling, Virtual Environments, and  
  Simulation 
• Operations Analysis
• Remote Sensing
• Software Engineering (residential and DL)
• Special Operations
• Systems Analysis (DL)
GSOIS delivers graduate-level education and conducts cutting-edge research in four non-traditional knowledge domains responsive 
to U.S. military needs: information science and technolog y, military computer science, military operations analysis and research, 
and special operations and related defense analysis.
• Acquisition and Contract Management
• Advanced Acquisition Program
• Contract Management (DL)
• Defense Business Management
• Defense Systems Analysis
• Defense Systems Management
• Executive MBA (DL)
• Financial Management
• Information Systems Management
• Material Logistics Support
• Manpower Systems Analysis
• Program Management (DL)
• Supply-Chain Management
• Systems Acquisition Management
• Transportation Management
Graduate School of Business and Public Policy (GSBPP)
GSBPP reflects the management side of national defense in support of operational requirements, with programs open to the U.S. 
uniformed services, DOD employees and contractors, federal employees, and international military and government employees. An 
integrated civilian and military faculty focuses on defense organizations, system applications, and instruction supported by extensive 
defense-oriented research. 
Graduate School of Engineering and Applied Sciences (GSEAS)
GSEAS provides advanced education in engineering and applied sciences while developing technological advances with strict ap-
plication to DOD needs, thus setting it apart from civilian graduate schools of engineering. It is focused on preparing the next 
generation of U.S. and international leaders, military and civilian alike, for the uncertainties and challenges of a rapidly changing 
technological world.
• Applied Mathematics
• Combat Systems Sciences and Technology
• Electronic Systems Engineering (residential 
  and DL)
• Mechanical Engineering for Nuclear-trained 
  Officers (DL)






  Engineering (DL)
• Space Systems Engineering
• Space Systems Operations  
  (residential and DL)
• Systems Engineering (residential and DL)
• Systems Engineering Management (DL)
• Undersea Warfare 
• Underwater Acoustic Systems (DL)
Office of the Provost
• Systems Engineering Analysis
The Office of the Provost provides oversight to a specialized degree program that leads to a master of science in systems engineering 
analysis. Students benefit from cross-disciplinary course offerings and research opportunities found in GSEAS systems engineering 
and GSOIS systems and operational analysis curricula.
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Independent scholarly work in the form of a dissertation (PhD), thesis (Master’s/Engineer), or capstone proj-
ect is required for most academic programs. Student research projects address issues ranging from the current 
needs of the fleet and joint forces to the science and technology required to sustain long-term superiority of 
the Navy and DOD. Guided by faculty advisors, NPS students represent a vital resource within the DOD for 
addressing war-fighting problems and maintaining cutting-edge expertise, particularly in a time when tech-
nology and information operations are changing rapidly. Naval Postgraduate School alumni think innovatively 
and possess the knowledge and skills to apply nascent technologies in the commercial and military sectors. 
Their firsthand grasp of operations, when combined with challenging projects that require them to apply their 
focused graduate coursework, is one of the most effective elements in solving fleet, joint-force, and regional 
problems. NPS graduate education encourages a lifelong capacity for applying basic principles and creative 
solutions to complex problems. NPS is also unique in its ability to conduct classified research. Classified theses 
are available on the NPS SIPRNet.
STUDENT POPULATION












Other   
1% 
Figure 1: Total enrollment by student type for summer 2015 
(2,725 total). Source: After NPS Academic Affairs Quarterly 
Enrollment Report, Summer 2015.
The student body consists of U.S. officers from all 
branches of the uniformed services, civilian employ-
ees of the federal government, and international mili-
tary officers and government civilians. The student 
population distribution for September 2015 is shown 
in Figure 1.
Source: Naval Postgraduate School Public Affairs Office
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DEGREES OFFERED
Curricula meet defense requirements within the traditional degree framework through residential or distance-
learning status. All curricula lead to a master of science or art or a master of business administration; ad-
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Management
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• Space Systems Operations
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• Systems Engineering
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• Systems Engineering Management
• Systems Technology
Source: NPS Public Affairs Office
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7% School of International Graduate
Studies (SIGS)
Graduate School of Operational and
Information Sciences (GSOIS)
Graduate School of Engineering and
Applied Sciences (GSEAS)
Graduate School of Business and
Public Policy (GSBPP)
Figure 2. Distribution of degrees conferred by academic school, September 2015
(unrestricted theses)
The September 2015 graduating class produced 133 unrestricted theses, dissertations, capstones, and final 
project reports as part of the graduation requirement. Figure 2 indicates the distribution of degrees awarded 
by academic school.
Source: NPS Public Affairs Office
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ACADEMIC AWARDS ANNOUNCED SEPTEMBER 2015
The following listing provides recognition to those students selected by NPS faculty or military associations 
for superior academic achievement. Quite a few departments honor graduating students for the quality and 
contributions made by their theses, dissertations, or capstone reports.
Campus-wide Awards
• Monterey Council Navy League Award for Highest Academic Achievement: Lieutenant Jason Marks, 
 USN
• Association of the United States Army, General Joseph W. Stilwell Chapter, Award for Outstanding 
 Army Student: Major Sara D. Kimsey, USA—Outstanding Thesis: An Analysis of Current Operational 
 Contract Support Planning Doctrine
• Air Force Association Award for Outstanding U.S. Air Force Student: Major Philipp E. Risseeuw, USAF
• Naval Postgraduate School Outstanding Academic Achievement Award for Department of Defense 
 Student: Mr. James Logan, Department of the Army Civilian
• Naval Postgraduate School Outstanding Academic Achievement Award for International Students: 
 Captain Yoav Shaham, Israel Army—Outstanding Thesis: Visualizing Mixed Variable-Type Multidimensional 
 Data Using Tree Distances
Graduate School of Business and Public Policy (GSBPP)
• The Louis D. Liskin Award for Excellence in Business and Public Policy: Captain Alex James, USMC
Graduate School of Engineering and Applied Sciences (GSEAS)
• Naval Sea Systems Command Award in Naval/Mechanical Engineering: Lieutenant Christopher  Deigel, 
 USN—Outstanding Thesis: Design and Construction of a Thermal Contact Resistance and Thermal Conductivity 
 Measurement System
• The Surface Navy Association’s Award for Excellence in Surface Warfare Research: Lieutenant Jason 
 Marks, USN
• Chief of Naval Operations Undersea Warfare Award: Lieutenant Sam Graessle, USN
• Submarine Force Undersea Warfare Curriculum Award: Lieutenant Chase Dillard, USN
• Meyer Award for Outstanding Student in Systems Engineering (Distance Learning): Mr. Emmanuel 
 Navedo and Mr. John Kevin Manion
Graduate School of Operational and Information Sciences (GSOIS)
• Chief of Naval Operations Award for Excellence in Operations Research: Lieutenant Jason Marks,USN
• Military Operations Research Society Stephen A. Tisdale Graduate Research Award: Lieutenant 
 Commander John Gary Sprague, USN—Outstanding Thesis: Optimal Scheduling of Time-Shiftable Electric 
 Loads in Expeditionary Power Grids
• AFCEA John McReynolds Wozencraft Electrical and Computer Engineering Academic Honor 
 Award: Lieutenant Michael Cribbs, USN—Outstanding Thesis: Multiple-Input Multiple-Output Wavelet Packet 
 Modulation Based Software-Defined Radio Transceiver Design
• The Hans Jones Award for Excellence in Thesis Research in Special Operations and Irregular Warfare 
 or Security, Stabilization, Transition and Reconstruction: Lieutenant Christopher Cedros, USN
• The Gary Kildall Award for Computing Innovation: Lieutenant Larry Clay Greunke, USN—Outstanding 
 Thesis: “Charlie,”Development of a Light-Weight, Virtual Reality Trainer for The LSO Community: Time to Make the 
 Leap toward Immersive VR
• Rear Admiral Grace Murray Hopper Computer Science Award: Mr. Shian Chin Kang, Defence 
 Science and Technology Agency—Outstanding Thesis: Learning to Predict Demand in a Transport-Resource 
 Sharing Task
• Rear Admiral Grace Murray Hopper Information Technology Management Award: Major Erik Keim, 
 USMC—Outstanding Thesis: Unmanned Tactical Autonomous Control and Collaboration Concept of Operations 
 (additional authors listed in outstanding thesis section)
xvii
• Fleet Cyber Command Award for Academic Achievement in Cyber Operations: Lieutenant Brigid 
 Curran Fields, USN
• Space Systems Operations Award for Academic Excellence: Lieutenant Andrew Konowicz, USN
• Admiral William Adger Moffett Space Systems Award: Captain David Garcia
School of International Graduate Studies (SIGS)
• The Outstanding United States Air Force Graduate Award, Department of National Security Affairs: 
 Major Philipp E. Risseeuw, USAF
• The Louis D. Liskin Award for Excellence in Regional Security Studies: Lieutenant Jonathan D. 
 Greenberg, USN
• The International Student Award for Excellence in Regional or Security Studies: Lieutenant Anthony 
 Wong, Singapore Air Force
• The Philip Zimbardo Award: Captain Daniel Dooley, New York City Police Department
• The Curtis H. “Butch” Straub Achievement Award: Mr. Bijan Karimi, San Francisco Department of 
 Emergency Management, California
Institute and Center Awards
• Space and Naval Warfare Systems Command Award in Electronic Systems Engineering: Captain 
 Daniel Katzman, USMC
• Naval Sea Systems Command Award for Excellence in Combat Systems: Lieutenant Commander 
 Daniel Wilmott, USN—Outstanding Thesis: Direction Finding Using Multiple MEMS Acoustic Sensors
• Naval Undersea Warfare Center Division Newport Award for Excellence in Undersea Warfare Technology: 
 Commander Michael “Paste” Szczerbinski, USN and Lieutenant Commander Jeff “Spud” Webb, USN
Outstanding Thesis Recognition
• Mr. Todd Bensman, Manager and Program Specialist, Texas Department of Public Safety, Intelligence and 
 Counterterrorism Division: The Ultra-Marathoners of Human Smuggling: Defending Forward against Dark Networks 
 That Can Transport Terrorists across American Land Borders
• Lieutenant Commander Jonathan Wayne Gandy, USN: Characterization of Micron-scale Nanotubular Super 
 Dielectric Materials
• Lieutenant Patrick M. Gillen, USN: Real-Time Detection of Operational Military Information in Social Media
• Lieutenant Commander John S. Hancock, USN: The Eagle in the Desert: The Origins of the U.S.–Saudi Arabian 
 Security Partnership
• Lieutenant Commander Travis A. Hartman, USN: Rapid Airlift Planning for Amphibious-ready Groups
• Captain Robert Humeur:, Swedish Army A New High-Resolution Direction Finding Architecture Using Photonics 
 and Neural Network Signal Processing for Miniature Air Vehicle Applications
• Lieutenant Spencer S. Hunt, USN: Model-based Systems Engineering in the Execution of Search and Rescue 
 Operations
• Lieutenant David J. Ingel, USN: Prospects for Closer Israeli–NATO Cooperation
• Major Bin Yong Lim, Republic of Singapore Air Force: Secret Sharing Schemes and Advanced Encryption 
 Standard
• Mr. Kwong Yang Lua, Singapore Technologies Marine Ltd. (ST Marine), Singapore: Systems Engineering 
 Approach for Conceptual Design of Frigate
• Ms. Allison B. Penn, Mr. Michael Loya, and Mr.Tristan C. Gilbert, Department of the Army: An Analysis 
 of Communication between Program Managers and Contracting Officers and Its Effect on the Performance of the Defense 
 Acquisition System
• Major Luis E. Preciado, USA: State Approaches toward Reducing Youth Violence in Honduras and Nicaragua
• Major Thomas M. Rice, USMC, Major Erik A. Keim, USMC, and Major Tom Chhabra, USMC: 
 Unmanned Tactical Autonomous Control and Collaboration Concept of Operations
• Victoria Steward, Civilian, Naval Undersea Warfare Center: Functional Flow and Event-driven Methods for 
 Predicting System Performance
• Lieutenant Commander Ahmed Raza Tahir, Pakistan Navy: An Adaptive Method for Scheduling the Sequence 
 and Route of Builder Trials for a New Ship








CORRECTION OF A SPACE TELESCOPE ACTIVE PRIMARY MIRROR USING 
ADAPTIVE OPTICS IN A WOOFER-TWEETER CONFIGURATION
Matthew Allen–Major, United States Air Force
Doctor of Philosophy in Astronautical Engineering
Advisor: Brij Agrawal, Department of Mechanical and Aerospace Engineering
The Department of Defense seeks to improve space-based imaging capabilities by building larger space tele-
scopes designed for higher orbits in order to provide timely, accurate imagery to the military and national 
decision makers. Satellites have mass and volume constraints due to the limited size of the launch vehicle. 
Larger aperture imagery satellites require lightweight deployable segmented primary mirrors to meet mass 
and volume constraints. Lightweight segmented mirrors exist but lack the structure and mass necessary for 
high-quality optical performance. This research investigates using a deformable mirror with a large light-
weight active primary mirror to improve optical performance. Control techniques are applied to simultane-
ously manipulate an active primary mirror segment and deformable mirror in a woofer-tweeter configuration. 
Computer simulations and experiments using woofer-tweeter control techniques show reduction of residual 
wavefront error attributed to the primary mirror. A woofer-tweeter gradient control technique was shown to 
experimentally reduce wavefront error by 24% using the Naval Postgraduate School’s 3-m diameter segmented 
mirror telescope test bed. The addition of a deformable mirror to an active space telescope in a woofer-tweeter 
configuration is a technically feasible option for a large-aperture telescope design, and can reduce primary mir-
ror requirements, potentially reducing cost.
Keywords: segmented mirror telescope, dual deformable mirror, woofer-tweeter, space telescope, adaptive 
optics, active optics, wavefront control
SPECTRAL GRAPH THEORY ANALYSIS OF SOFTWARE-DEFINED 
NETWORKS TO IMPROVE PERFORMANCE AND SECURITY
Thomas Parker–Lieutenant Commander, United States Navy
Doctor of Philosophy in Electrical Engineering
Advisor: Murali Tummala, Department of Electrical and Computer Engineering
Co-Advisor: John McEachen, Department of Electrical and Computer Engineering
Software-defined networks are revolutionizing networking by providing unprecedented visibility into and 
control over data communication networks. The focus of this work is to develop a method to extract network 
features, develop a closed-loop control framework for a software-defined network, and build a test bed to 
validate the proposed scheme. The method developed to extract the network features is called the dual-basis 
analysis, which is based on the eigendecomposition of a weighted graph that accounts for the network topol-
ogy and traffic load. A software-defined network closed-loop control scheme is developed; the scheme is mod-
eled after a closed-loop control system that includes an observer and a controller. A particle filter and phantom 
node are used to estimate link data rates and identify the onset of congestion. Based on the outputs of the 
observer, the controller is able to balance traffic throughout the network to minimize congestion. A software-
defined network test bed is developed to evaluate the proposed dual-basis representation and the closed-loop 
control scheme. The test bed is a real-world implementation of a software-defined network that consists of 13 
4switches and one controller. The test bed ensures that the proposed schemes are suitable even when applied in 
a hardware or software implementation.
Keywords: Software-defined network, networking, cybersecurity, eigenvalue, eigenvector, graph theory, spec-
tral graph theory, control theory
WESTERN NORTH PACIFIC MONSOON DEPRESSIONS: FORMATION, 
STRUCTURE, AND TRANSITION TO TROPICAL CYCLONES
Jodi Beattie–Lieutenant Commander, United States Navy
Doctor of Philosophy in Meteorology
Advisor: Russell Elsberry, Department of Meteorology
Even though monsoon depressions are the synoptic precursors for a substantial fraction of the western North 
Pacific tropical cyclones, little is known about how they form. High-resolution reanalyses, satellite imagery and 
precipitation estimates are used to examine the physical mechanisms for monsoon depression formation in all 
44 cases during 2009. An interaction of at least one cross-equatorial airstream from the Southern Hemisphere 
with the monsoon trough or confluent zone preceded all 44 monsoon depression formations. Four types of 
cross-equatorial airstreams provide wave-activity flux that contributes to the formations. At the formation 
time, the elliptical monsoon depressions, on average, are 1098 km east-west and 812 km north-south, and 
have vorticity maxima on either end. Wave-activity flux convergence over a vorticity maximum within the 
monsoon depression was analyzed in all transitions to tropical cyclones during 2009. In about half of these 
transitions, the inward-directed wave-activity flux was associated with the same primary airstream as during 
the monsoon depression formation. In the other half, another airstream or the trade easterlies was the source 
of the wave-activity flux. Persistent wave-activity flux convergence was not analyzed in any of the 25 monsoon 
depressions that failed to transition to a tropical cyclone.
Keywords: monsoon depression, formation, structure, transition, tropical cyclone, pre-tropical cyclone seed-
ling
IDENTIFYING AND QUANTIFYING EMERGENT BEHAVIOR THROUGH 
SYSTEM OF SYSTEMS MODELING AND SIMULATION
Mary Cummings–Civilian, Department of the Navy
Doctor of Philosophy in Software Engineering
Advisor: Man-Tak Shing, Department of Computer Science
The U.S. Department of Defense builds many weapons systems as Systems of Systems (SoSs). Operational 
testing is used to test capabilities in these SoSs, but testing all their configurations may not be possible due to 
cost and the environment. Modeling and simulation (M&S) is an alternative to operationally testing all func-
tionality and interfaces in these SoSs. An inherent deficiency of existing M&S approaches, however, lies in the 
emergent behavior that occurs as a result of interactions among the component systems. Applying M&S to 
individual components cannot detect this emergent behavior, but not detecting emergent behavior of an SoS 
as a whole diminishes its testing process. This dissertation develops a software architecture for an M&S frame-
work, based on Ziegler’s theory, that makes the identification and quantification of emergent behavior possible 
in an SoS M&S by providing a collector of SoS metrics. This software architecture has a great advantage over 
the current approaches because it supports swappable and configurable components to make simulation pos-
sible over different models and parameters without costly reprogramming. This dissertation also develops an 
improved process for the analyst to identify and quantify emergent behavior in an SoS M&S.
Keywords: system of systems, modeling and simulation, simulators, experimental frames, emergent behavior, 
metrics collector, emergent behavior, SoS metrics
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APPLICATION OF OPTICAL FLOW SENSORS FOR DEAD RECKONING, HEADING 
REFERENCE, OBSTACLE DETECTION, AND OBSTACLE AVOIDANCE
Tarek Nejah–Captain, Tunisia Air Force
Electrical Engineer
Advisor: Zachary Staples, Department of Electrical and Computer Engineering
Co-Advisor: Clark Robertson, Department of Electrical and Computer Engineering
A novel approach for dead reckoning, heading reference, obstacle detection, and obstacle avoidance using 
only one optical mouse sensor was presented in this thesis. Odometry, position tracking, and obstacle avoid-
ance are important issues in mobile robotics. Traditional odometry and motion-tracking sensors provide rela-
tive displacement data on a frame-to-frame basis, and they are usually mounted in arrays to provide accurate 
measurements with small estimation errors. Optical flow sensors stand as a tempting solution for robot self-
localization and dead reckoning. In this work, using only one inexpensive optical mouse sensor, we were able 
to perform optical odometry, dead reckoning, and heading reference. Also, obstacle detection and avoidance 
remains a challenging area of research. Most of the existing works are based on stereo imaging and computa-
tion of the time-to-contact. These techniques are complex and usually require the use of more than one van-
tage point. The use of one optical mouse sensor as an obstacle-detection sensor was proposed in this work. 
The detection process is simple and is based on the surface-quality factor variation. As far as we know, no one 
has ever used this technique to perform obstacle detection and avoidance. Using one sensor for motion track-
ing and one sensor for object detection in association with an Arduino microcontroller, we built an indoor 
ground robot capable of environment sensing, obstacle avoidance, and position tracking. The behavior of the 
robot can be monitored from a remote station. The experimental results obtained were promising and can be 
further improved.
Keywords: robotics, optical flow sensors, optical flow techniques, optical mouse sensors, dead reckoning, 
position tracking, obstacle detection, obstacle avoidance
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DESIGN AND CONSTRUCTION OF A THERMAL CONTACT RESISTANCE 
AND THERMAL CONDUCTIVITY MEASUREMENT SYSTEM
The following paper has been recognized as outstanding by its department.
Christopher Deigel–Lieutenant, United States Navy
Mechanical Engineer and Master of Science in Mechanical Engineering
Advisor: Sanjeev Sathe, Department of Mechanical and Aerospace Engineering
Second Reader: Garth Hobson, Department of Mechanical and Aerospace Engineering
This study was aimed to develop an accurate thermal contact resistance and thermal conductivity measure-
ment system that is simple enough to be constructed and operated by multiple users. A method based on Fou-
rier’s Law of Conduction was developed. The purpose of this device is to analyze component interfaces and 
advanced material applications within the Department of Defense’s energy systems to improve fuel efficiency 
and performance. Comprehensive details of the design, construction, and operation of the experimental de-
vice are presented. Challenges included maintaining one-dimensional conduction, uniformity of temperature 
distribution, control of heat loss, and sample-to-plate interface resistance control. Numerical heat transfer 
and uncertainty analyses with applied engineering judgement were extensively used to develop an optimized 
design and construction method that guaranteed high accuracy and replicability. Accurate measurements are 
demonstrated by analyzing Pyroceram 9606 and 99.8% Alumina reference samples. Results indicated capabil-
ity to measure thermal conductivity from 0.1 to 40 W/m-K with respective accuracy within 3–6.5%. Ability to 
reduce result uncertainty within 10% was achieved. Replicability analysis indicated reproducible results within 
6% for different users. Recommendations are provided for experimental research utilizing the proposed mea-
surement system addressing current heat transfer issues facing the Department of Defense.
Keywords: thermal contact resistance, thermal conductivity, measurement system
CHARACTERIZATION OF MICRON-SCALE NANOTUBULAR 
SUPER DIELECTRIC MATERIALS
The following paper has been recognized as outstanding by its department.
Jonathan Gandy–Lieutenant Commander, United States Navy
Mechanical Engineer and Master of Science in Mechanical Engineering
Advisor: Jonathan Phillips, Department of Physics
Co-Advisor: Sarath Menon, Department of Mechanical and Aerospace Engineering
This research is part of an ongoing program of study focused on dielectric materials based on a novel hypoth-
esis: that porous electrically insulating solids in which the pores are filled with liquids containing an ionic spe-
cies (such as water with dissolved salt) will have very high dielectric values by virtue of the separation of ions 
in the liquid phase and concurrent formation of large dipoles. Earlier work focused on the creation of super 
dielectric materials by saturating porous electrically insulating powders, such as alumina, with salt solutions. 
The focus of the present work is the characterization and evaluation of capacitors based on a novel dielectric: 
titanium dioxide nanotube arrays created by anodization and filled with a concentrated aqueous salt solution. 
Capacitors made up of this so-called nanotubular super dielectric material were found to have extreme dielec-
tric constants, greater than one billion. The same capacitors also registered unprecedented energy densities, 
consistently greater than 400 joules per cubic centimeter, which is more than ten times the best commercial 
8supercapacitors. Sufficient data was collected to propose a correlation relating dielectric thickness, salt concen-
tration, and electrode surface area to overall energy density.









GULF STATES STRATEGIC VISION TO FACE IRANIAN NUCLEAR PROJECT
Fawzan Alfawzan–Colonel, Saudi Arabian National Guard
Master of Arts in Security Studies (Strategic Studies)
Advisor: James Russell, Department of National Security Affairs
Second Reader: Anne Baylouny, Department of National Security Affairs
The research shows Iran’s capabilities in processing nuclear weapons at a high degree. Nuclear capabilities 
provided Iran with uranium enrichments and nuclear weapons to enable the country to impose control on 
Gulf states. The research also demonstrates the threats affecting Arabian Gulf states in the event of Iranian 
nuclear project completion at a high degree, including increased violence, the expansion of corruption and ter-
rorism, local security threats, and the disturbance of economic security. Furthermore, the research discusses 
obstacles that Arabian Gulf states may face at the completion of an Iranian nuclear project at a high degree: 
political dialogue required to force Iran to stop continuing its nuclear project, ability to convince Iran, and a 
clear strategy to protect the Arabian Gulf region. Lastly, the research considers the strategic vision and equiva-
lent methods required to face an Iranian nuclear project, which include the possibility that other Arabian Gulf 
states also possess nuclear weapons, international assurances that Iran’s nuclear project is to be used only for 
peaceful applications, and a stable political negotiation among the Arabian Gulf states and Iran. The main 
recommendation of the research is to establish a unified nuclear power authority under the supervision of the 
Gulf Cooperation Council on using nuclear projects peacefully. Another recommendation is to conduct an 
international summit to seize weapons of mass destruction in the Arabian Gulf region in particular, and the 
Middle East in general. A final recommendation is for international and regional political and economic tools 
to prevent Iran from possessing a nuclear weapon in the region.
Keywords: Iran, nuclear weapons, nuclear program, the Gulf state strategic vision to face Iranian nuclear 
program
RISK UNBOUND: THREAT, CATASTROPHE, AND THE END OF HOMELAND SECURITY
Jacob Anderson–Senior Policy Analyst, Department of Homeland Security,  
National Protection & Programs Directorate, Office of Infrastructure Protection
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Chris Bellavita, Department of National Security Affairs
Second Reader: Lee Clarke, Rutgers
Threat and catastrophe highlight the impossibility of providing perfect security, and demonstrate the limita-
tions of risk-based security practices. This thesis presents an argument in three parts. First, it describes how 
the dangers homeland security agencies confront are increasingly beyond the reach of measures for control. 
The character of security risks is complex and volatile, while worst-case possibilities—not merely probable 
accidents and disasters—are particularly relevant to domestic security agencies and organizations. Second, 
it examines how the security response to such unbounded risks has been the creation of unconscionable 
maps—tools and concepts that presume a greater degree of knowledge, uniformity, and control than is avail-
able. Finally, this thesis illuminates a body of knowledge and capability better suited to security uncertainties; 
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homeland security agencies must find ways to cultivate these capacities. Contrary to current security practices, 
national adaptability is more desirable than perfect knowledge, control of crisis, or national uniformity.
Keywords: catastrophe, command and control, complexity, crisis, disaster, doctrine, normal accident, risk, 
risk-based security, risk management, risk society, threat, uncertainty, volatility, worst-case
UNITED STATES COUNTERTERRORISM STRATEGY IN THE TRANS-
SAHARA AND THE RISE OF SALAFI-JIHADISM IN THE SAHEL
David Andre–Lieutenant, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: Robert Looney, Department of National Security Affairs
Co-Advisor: Tristan Mabry, Department of National Security Affairs
In the wake of the September 11, 2001, terrorist attacks, it became apparent to U.S. foreign policy makers that 
Northwest Africa was more than just a humanitarian concern. This realization led to the establishment of a 
multi-pronged, multi-year counterterrorism strategy in the Trans-Sahara region that incorporated diplomacy, 
development, and defense. Despite these unprecedented efforts, the Sahel sub-region has witnessed a steady 
rise in the presence of Salafi-Jihadist organizations since 2003. Furthermore, the states in the region remain 
incapable of defending against these organizations without significant outside assistance. This thesis examines 
the efficacy of U.S. counterterrorism strategy in the region vis-à-vis African states’ capacity to explain the 
persisting Salafi-Jihadist organizations in the region. Exploring Salafi-Jihadism’s ideological, doctrinal, and 
historical aspects illustrates that these organizations have limited interest in political solutions. The thesis uses 
Nigeria, Mali, and Mauritania as three case studies to examine the period between 2001 and 2014 to dem-
onstrate how Salafi-Jihadism’s components have successfully exploited these states’ limited capacity, thereby 
undermining U.S. counterterrorism efforts. The thesis concludes by considering the impacts that these con-
clusions will have on future counterterrorism initiatives.
Keywords: Salafi-Jihadism, Sahel, Trans-Sahara, Boko Haram, Nigeria, MUJAO, Mali, AQIM, Mauritania, 
counterterrorism, terrorism, Ansar-al Dine
HASTILY FORMED NETWORKS—CHAOS TO RECOVERY
Mark Arezzi–Lieutenant, Fire Department of New York City
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Douglas MacKinnon, Department of Information Sciences
Co-Advisor: Brian Steckler, Department of Information Sciences
Historically, response to catastrophic events has failed to reestablish communications rapidly, resulting in an 
extension of the chaotic response phase. Communication is not simply a support service but an independent 
strategic imperative within the crisis response system. Current domestic crisis management acknowledges that 
a communications system is indispensable yet continues to prioritize and utilize communications as a support 
function. This thesis considers the centrality of the communications system binding complex emerging sys-
tems. The goal for crisis response is also to stabilize disrupted and interrelated systems that define a modern 
society. A communications system is the key element that allows systems to self-organize, adapt, and exert 
control over the chaos. Defining the role of communications requires an understanding of complexity, chaos, 
systems, and network evolution. There is a need to change crisis response organizations to reflect a modern 
understanding of the changing technical environment, and the foundational function communications serves 
in linking dynamic complex systems. This thesis also identifies the forces unleashed in the aftermath of a 
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catastrophic event and illustrates how the rapid restoration of communications is required for successful crisis 
response.
Keywords: disaster, catastrophe, complexity, chaos, systems, convergence, emergence, network theory, hastily 
formed network, Hurricane Katrina, Haiti, information and communication technology (ICT), social network 
analysis, incident command system, federal emergency
DEFINING MARA SALVATRUCHA’S TEXAS NETWORK
Juan Arredondo–Lieutenant, United States Navy
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Thomas Bruneau, Department of National Security Affairs
Second Reader: Rodrigo Nieto-Gomez, Department of National Security Affairs
This thesis examines the criminal networks street gang Mara Salvatrucha (MS 13) uses to penetrate Texas. MS 
13’s internal reach is analyzed by examining the existing and potential horizontal integration of the known 
cliques (gang cells). Additionally, the organization’s existing reach and potential transnational reach are ana-
lyzed by examining the existing and potential vertical integration between its domestic and Central American 
components. The identification of MS 13’s criminal networks is completed by using a first-generation manual 
approach lens. This approach involves examining data to uncover associations between criminals, resulting 
in the creation of an association matrix that links MS 13 with affiliates. The research shows that MS 13 is a 
significant threat to public security in the state of Texas for two main reasons: proximity to cartels and demo-
graphics of the state. Research shows that criminal networks are already at work and that MS 13 should be 
taken seriously in Texas. The risk to Texas stems from the similarities, in terms of demographics and proximity 
to transnational cartels, to Los Angeles, California, where MS 13 originated.
Keywords: transnational criminal organizations, Central America, Mexico, Texas, organized crime, policy, 
criminality, street gangs, prison gangs, cartels, MS 13
ELIMINATING THE LOST TIME INTERVAL OF LAW ENFORCEMENT 
TO ACTIVE SHOOTER EVENTS IN SCHOOLS
Steven Ausdemore–Assistant Fire Chief, Omaha Fire Department, Omaha, Nebraska
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Nadav Morag, Center for Homeland Defense and Security
Co-Advisor: David Brannan, Center for Homeland Defense and Security
The Newtown, Connecticut attack at Sandy Hook Elementary School on December 14, 2012, was another ex-
ample of the tragedy of mass murder. When a targeted attack occurs, the victims must await the arrival of law 
enforcement personnel to address the threat and stop the loss; this lost time interval results in extending the 
duration of a targeted attack until police can resist an attacker. In the absence of trained onsite personnel, such 
as a school resource officer, students and staff are at the mercy of an attacker. This thesis asked the questions: 
Can existing resources be leveraged to increase available capacities for resisting an active shooter in a targeted 
school attack? Can implementing these resources eliminate or reduce law enforcement’s lost time interval dur-
ing an attack on an American school, especially in low resource areas, such as rural and/or isolated communi-
ties? Case studies were completed to identify opportunities to reduce the loss incurred in these attacks with an 
emphasis on reducing the duration of an incident when prevention measures had failed. The value of collabo-
ration and necessity to leverage resources in the public safety sector are well researched. Critical resources with 
the capacity to operate in an offensive posture are available through planning and preparedness. Community 
relationships can be developed to create a multidisciplinary environment of safety with the capacity to prevent 
or reduce loss through violence. Through these relationships, a culture can be created that combines strategies 
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and tactics for prevention, as well as a response to these tragedies. A culture of security can replace vulner-
ability and result in a greater level of confidence in the ability to keep this nation’s schools safer.
Keywords: school shootings, mass murder, targeted attack, school attack, school gun violence, SRO, sentinel 
plan, guardian plan, security team, school defense, active resistance, school security
REINFORCING A REGIME: STRENGTHENING 
CLIENTELISM IN IRAN WITH SANCTIONS
Timothy Baker–Lieutenant, United States Navy
Master of Arts in Security Studies (Strategic Studies)
Advisor: Robert Looney, Department of National Security Affairs
Second Reader: Anshu Chatterjee, Department of National Security Affairs
When examining the effects of economic sanctions, the contentious debate over what constitutes success or 
failure often overlooks the sanctions’ externalities. This thesis examines the externalities of sanctions inside 
Iran in an effort to answer the question: How have economic sanctions targeting Iran affected domestic Ira-
nian politics, and to what degree have these effects influenced the Iranian regime? Through extensive research 
regarding Iran’s class, economy, and politics, this thesis examines the characteristics of Iranian class structure, 
the measurable impact of sanctions on the Iranian economy and resultant economic policy shifts, and how 
these factors influence political behavior. This research concludes that sanctions have strengthened political 
clientelism in Iran, and are in turn reinforcing the Iranian regime’s hold on power. The implications provide 
critical context for policy makers working toward a U.S. strategy that will provide Iranian people the necessary 
resources to exert their political will.
Keywords: Iran, sanctions, clientelism, class
THE ULTRA-MARATHONERS OF HUMAN SMUGGLING: DEFENDING 
FORWARD AGAINST DARK NETWORKS THAT CAN TRANSPORT 
TERRORISTS ACROSS AMERICAN LAND BORDERS
The following paper has been recognized as outstanding by its department.
Todd Bensman–Manager and Program Specialist, Texas Department of 
Public Safety, Intelligence and Counterterrorism Division
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Rodrigo Nieto-Gomez, Department of National Security Affairs
Second Reader: Carolyn Halladay, Center for Civil-Military Relations
National legislation requires America’s homeland security agencies to disrupt transnational human smuggling 
organizations capable of transporting terrorist travelers to all U.S. borders. Federal agencies have responded 
with programs targeting extreme-distance human smuggling networks that transport higher-risk immigrants 
known as special interest aliens (SIAs) from some 35 countries of interest in the Middle East, North Africa, 
and Asia where terrorist organizations operate. Yet ineffectiveness and episodic targeting are indicated, in 
part by continued migration from those countries to the U.S. southwestern border since 9/11. Should an at-
tack linked to SIA smuggling networks occur, homeland security leaders likely will be required to improve 
counter-SIA interdiction or may choose to do so preemptively. This thesis examines how SIA smuggling 
networks function as systems and, based on this analysis, if their most vulnerable fail points can be identified 
for better intervention targeting. Using NVivo qualitative analysis software, the study examined 19 U.S. court 
prosecutions of SIA smugglers and other data to produce 20 overarching conclusions demonstrating how SIA 
smuggling functions. From these 20 conclusions, seven leverage points were extracted and identified for likely 
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law enforcement intervention success. Fifteen disruption strategies, tailored to the seven leverage points, are 
recommended.
Keywords: human smuggling, smuggling, dark networks, special interest aliens, third country nationals, aliens 
from special interest countries, border security, southwestern border, illegal immigration, counterterrorism, 
terrorist infiltration, border infiltration
SERIOUS GAMES IN FEMA REGIONAL RESPONSE 
COORDINATION CENTER TRAINING AND EXERCISES
Randy Brawley–Preparedness Analyst and Planning Officer,  
Department of Homeland Security, FEMA Region IX
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Rodrigo Nieto-Gomez, Department of National Security Affairs
Second Reader: Mario Herger, Enterprise Gamification Consultancy
This thesis describes how the Department of Homeland Security and the Federal Emergency Management 
Agency (FEMA) could use a serious game to improve performance, feedback, and engagement in Region-
al Response Coordination Center training and exercises. Despite the publicly acknowledged deficiencies of 
FEMA’s response to Hurricane Katrina in 2005, more than half the positions FEMA identified for Hurricane 
Sandy in 2012 were filled by unqualified personnel. While training and exercises are but elements of the prob-
lem, they are essential to the solution. In particular, one weakness of traditional training and exercises is that 
they do not sufficiently stress decision makers. An ever-increasing body of research demonstrates how serious 
games provide positive skill transfer and evoke similar reactions as real-world disasters. This paper presents 
a game design document and prototype for a Regional Response Coordination Center serious game called 
72-Hours. The game is intended to stress individual players and teams as they attempt to stabilize a disaster 
within the 72-hour goal set by the FEMA Administrator.
Keywords: Federal Emergency Management Agency (FEMA), Department of Homeland Security (DHS), Re-
gional Response Coordination Center (RRCC), Regional Response Coordination Staff (RRCS), serious games, 
gamification, game-based learning, massively multiplayer online (MMO)
LONE-WOLF TERRORIST RADICALIZATION AND THE PRISONER’S 
DILEMMA: ENSURING MUTUAL COOPERATION BETWEEN AT-
RISK MUSLIM AMERICANS AND LOCAL COMMUNITIES
Christopher Cedros–Lieutenant, United States Navy
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Erik Dahl, Department of National Security Affairs
Second Reader: Carolyn Halladay, Center for Civil-Military Relations
While scholars study the radicalization process that produces lone-wolf terrorists in America, news stories 
regularly report on Muslim Americans leaving their local communities to join terrorist organizations. Cur-
rently, radicalizing individuals to act as lone wolves is the most successful method of Islamist attack on the 
American homeland. A novel approach to analyzing radicalization is employment of the prisoner’s dilemma, 
which examines the motivations behind individual’s decision-making. The prisoner’s dilemma is used by game 
theorists and international-relations scholars to demonstrate how persons who might ordinarily be expected 
to cooperate may actually work against each other and defect from previous agreements or understandings. 
Because lone-wolf attacks will likely continue to pose the most frequent threat to the U.S. homeland, it is 
imperative to learn how potential homegrown terrorists can be encouraged to identify with their local com-
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munities rather than defect from the social bonds of church, school, neighborhood, and workplace. This thesis 
explores how the prisoner’s dilemma may reveal ways to discourage radicalism in at-risk Muslim Americans.
Keywords: lone-wolf, terrorist, terrorism, lone offender, radicalization, de-radicalization, counter-radicaliza-
tion, international relations, IR theory, game theory, prisoner’s dilemma, Nidal Hasan, Fort Hood, Mohamed 
Mohamud, Portland car bomb, Maajid Nawaz
THE ROLE OF NORTH AMERICAN AEROSPACE DEFENSE 
COMMAND IN MILITARY CYBER ATTACK WARNING
Randall DeGering
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Rudy Darken, Department of Computer Science
Co-Advisor: Ellis Ryan, Harvard Kennedy School
For more than fifty years, North American Aerospace Defense Command (NORAD) has been responsible 
for conducting aerospace warning and control missions for the defense of North America. In accomplishing 
those operations, Commander NORAD is responsible for making the official warning to both the president 
of the United States and the prime minister of Canada if North America is suddenly under aerospace attack. 
Now, with the dramatic increase in worldwide cyberspace events, NORAD has begun examining its own po-
tential role within this new domain. Would involving NORAD in the military cyber attack warning process, 
leveraging its unique and proven binational structure, provide any advantages to both nations? To analyze this 
question, this thesis briefly traces NORAD’s warning mission history, discusses the basic concepts involved 
with cyber attacks, identifies key U.S. and Canadian military cyber organizations, and examines significant 
U.S. and Canadian cyberspace government policies. It then proposes three potential new courses of action for 
NORAD, identifying advantages, disadvantages, and proposed solutions to implementation. The thesis ends 
by recommending NORAD advocate for unrestricted cyberspace national event conference participation. 
This would be a realistic, achievable first step offering significant improvement in NORAD’s cyber attack 
situational awareness, as well as overall improvement in operational responsiveness.
Keywords: NORAD, U.S. Cyber Command, cyber event, cyber attack warning, cyberspace domain, cyber 
threat actors, cyberweapons, defensive cyberspace operations, cyber watch conference
MORALE’S ROLE IN THE PUBLIC SECTOR
John DeRousse–Captain, Everett Police Department, Everett, WA
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Christopher Bellavita, Department of National Security Affairs
Second Reader: Patrick Miller, Center for Homeland Defense and Security
This thesis examines the factors that help and hinder employee morale at public safety agencies within the 
homeland security enterprise. The Department of Homeland Security, and the various agencies that support it, 
have reported low levels of job satisfaction. Through an in-depth analysis of literature that discusses workplace 
morale in the public sector, this document provides recommendations for agencies interested in improvement. 
Low employee morale can lead to decreased productivity, burnout, and psychological distress. By defining and 
measuring employee satisfaction within the agency, and utilizing the employees’ public service motivation to 
inspire performance, leaders can improve morale within their workgroups. By recognizing occupational stress 
as a collateral result of work within the field of homeland security, and developing programs that address that 
stress before it becomes overwhelming, leaders within the discipline are able to reduce costs, retain employees, 
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and improve efficiencies. Through adjustments in the promotional and mentorship process within the agency, 
leadership’s attentiveness toward morale becomes engrained in the homeland security culture.
Keywords: morale, job satisfaction, esprit de corps, public service motivation, public safety, homeland security, 
productivity, burnout, stress, turnover, mentorship, leadership, organizational citizenship, perceived supervi-
sor support
REVERSE MIGRATION: WESTERN EUROPEAN MUSLIM 
WOMEN’S FLIGHTS TO ISIL TERRITORY
Elizabeth DeSitter–Captain, United States Army
Master of Arts in Security Studies (Strategic Studies)
Advisor: Zachary Shore, Department of National Security Affairs
Second Reader: Mohammed Hafez, Department of National Security Affairs
Since early 2014, the Islamic State of Iraq and the Levant (ISIL) has increasingly recruited Western Muslim 
men and women to its radical ideology. This thesis examines why Western European Muslim women—specifi-
cally from France and Great Britain—are voluntarily migrating to ISIL territory to support Islamic extrem-
ism. It evaluates women’s involvement in previous terrorist movements and proposes five potential motiva-
tions for migration: grievances toward Western society, ideology, relationships/belonging, identity assertion, 
and targeted recruitment. Through the analysis of eleven case studies and numerous social media accounts, 
this thesis demonstrates that European Muslim women choose life in ISIL territory for a variety of reasons. It 
also illustrates, however, that ISIL’s social media and propaganda campaigns are the strongest forces pushing 
women toward radicalization and migration. Finally, this paper concludes with recommendations to counter 
ISIL’s online recruitment success in the West.
Keywords: Western European women, Muslim women, Islamist extremism, Islamic State, ISIL, migration
PROTECTING DHS COMPONENT PRE-9/11 FUNCTIONS: 
IMPROVING VISIBILITY IN BUDGET EXHIBITS
Serena Dietrich–Strategic Resource Planning Branch Chief, U.S. Coast Guard Pacific Area
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Lauren Wollman, Center for Homeland Defense and Security
Second Reader: Morgan Geiger, Department of Homeland Security
When the Department of Homeland Security (DHS) was formed in 2003, 22 distinct agencies and director-
ates were consolidated into one organization. The Homeland Security Act of 2002, which mandated DHS’ 
creation, also required that functions performed by other agencies within the Department—those not related 
directly to securing the homeland—not be diminished or neglected. DHS has been challenged to produce an-
nual budgets that clearly delineate homeland security and non-homeland security functions, making it difficult 
to assess if legacy functions have been diminished. This thesis utilized a policy analysis research method to 
review budget exhibits from fiscal years 2004–2013 in order to analyze funding levels for DHS components’ 
specific legacy functions. Findings revealed that some functions have received decreased funding without a 
commensurate reduction in demand for that service. The need to unequivocally define which DHS activi-
ties are considered homeland security-related emerged as a recurring theme in the research as well. Using a 
multi-goal policy approach, the study assessed potential courses of action and ultimately makes two recom-
mendations: to pursue a pilot test of modified budget submission requirements for a limited number of DHS 
components, and to benchmark business processes followed by the Departments of Interior and Commerce.
Keywords: homeland security components, budget, funding, exhibits, functions, legacy activities, policy, 
OMB, DHS, Coast Guard, CBP, USCIS, USSS, FEMA, FLETC
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STEMMING THE GROWTH: EXPLORING THE RISK FACTORS IN GROUP MEMBERSHIP 
IN DOMESTIC STREET GANGS AND FOREIGN TERRORIST ORGANIZATIONS
Daniel Dooley–Commanding Officer of Manhattan South Vice and  
Major Case Narcotic Unit, New York Police Department
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Fathali Moghaddam, Center for Homeland Defense and Security
Co-Advisor: Patrick Miller, Center for Homeland Defense and Security
Despite law enforcement’s best efforts, terrorist groups are expanding at alarming rates. One of the easi-
est ways to prevent terrorist attacks is to prevent individuals from joining terrorist organizations. Counter-
terrorism programs that effectively reduce membership, reduce association and increase desistance to terror 
groups will undoubtedly reduce terror incidents. This research identifies risk factors that greatly influence an 
individual’s decision to join a terrorist group; policy makers can use this information to design new policies 
aimed at prevention and intervention. If the U.S. government is looking for community-oriented solutions to 
criminal groups, it need look no further than the study of domestic street gangs. There is vast research into 
theories, strategies and programs that policy makers can reference. Because these models already exist for 
street gangs, the government need not waste time developing new strategies from scratch. This research dis-
covered the group dynamic and processes that exist for street gangs exit similarly for terrorist organizations. 
It is the hope that this research lends new direction to the developing policies and de-radicalization strategies 
that are currently underway.
Keywords: gangs, terrorism, identity deprivation, relative deprivation, poverty, waithood
THE MILLENNIAL GENERATION AS AN INSIDER 
THREAT: HIGH RISK OR OVERHYPED?
David Fisher–Program Manager, Department of Homeland Security
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Carolyn Halladay, Center for Civil-Military Relations
Co-Advisor: Fathali Moghaddam, Center for Homeland Defense and Security
Cyber security experts agree that insider threats are and will continue to be a threat to every organization. 
These threats come from trusted co-workers who, for one reason or another, betray their organizations and 
steal data, disrupt information systems, or corrupt the data. Millennials are commonly thought of as entitled, 
high maintenance, and less trustworthy than the older generations; in other words, they have personality traits 
associated with insider threats, making the insider threat and the Millennial a dangerous combination. But are 
Millennials truly any more likely to become insider threats than members of Generation X (GenX) or Baby 
Boomers? This study shows that, contrary to conventional wisdom and societal belief, Millennials are no more 
likely to become insider threats than other generations; in fact, data shows they are less likely to do so than 
members of GenX.
Keywords: insider threat, cyber security, Millennial, Baby Boomer, Gen X, Generation X
THE ELUSIVE CHINA-JAPAN-SOUTH KOREA FREE TRADE AGREEMENT
Jonathan Greenberg–Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Michael Glosny, Department of National Security Affairs
Second Reader: Naazneen Barma, Department of National Security Affairs
East Asia has become a major hub for global trade. At the center of this East Asian factory are three nations—
China, Japan, and South Korea—that have benefited the most economically. Yet, despite transnational value 
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chains and the trilateral political cooperation that binds these nations, they have yet to conclude a trilateral 
free trade agreement (FTA). Since 1999, the China-Japan-South Korea FTA has proved to be an elusive feat 
for these Northeast Asian neighbors. Historical and political animosities and popular mistrust seem to have a 
corrosive effect upon the trilateral relationship despite decades of political cooperation and economic interde-
pendence. What explains the limited progress toward a China-Japan-South Korea FTA? This thesis tests four 
potential explanations for the trilateral FTA’s current lack of progress: perceptions of the deal not being an 
economic priority, the power of influential domestic business interests negatively affected by the FTA, region-
al competition over China’s growing domestic market, and regional political-historical animosities. Overall, 
this research concludes that Japan is the least willing participant to push for progress toward a trilateral FTA, 
and a lack of perception of the deal not being an economic priority is the strongest explanation.
Keywords: China, Japan, South Korea, free trade agreement, Trans-Pacific Partnership, Regional Comprehen-
sive Economic Partnership, Northeast Asian regionalism
THE EAGLE IN THE DESERT: THE ORIGINS OF THE  
U.S.–SAUDI ARABIAN SECURITY PARTNERSHIP
The following paper has been recognized as outstanding by its department.
John Hancock–Lieutenant Commander, United States Navy
Master of Arts in Security Studies (Middle East, South Asia, Sub-Saharan Africa)
Advisor: James Russell, Department of National Security Affairs
Second Reader: Anne Baylouny, Department of National Security Affairs
The United States and Saudi Arabia share a robust and complex security partnership today. This thesis ex-
plores the origins and development of U.S.–Saudi security cooperation between the late 1920s and early 1960s. 
During this time, U.S. leadership began to incorporate ideological objectives into their once largely analytical 
foreign policy. Scholarly historical literature, first-hand accounts of U.S. officials and government documents 
reveal that what began as a business relationship in the 1930s rapidly developed into a security partnership 
designed to defend against the threat of Soviet communism by the 1950s. Initially interested in Saudi Arabia 
because of its oil, the United States began to view the kingdom with increasing geostrategic importance during 
the early Cold War while Saudi Arabia simultaneously benefited from U.S. military assistance for protection 
against regional threats. This thesis provides historical evidence and analysis of how U.S.–Saudi security coop-
eration helped the United States reach both its analytical and ideological goals in the past, which suggests that 
value exists in continuing this relationship today, despite the many challenges that it currently faces.
Keywords: Saudi Arabia, Abdulaziz Ibn Saud, security cooperation, Franklin D. Roosevelt, Harry S. Truman, 
Dwight D. Eisenhower, John F. Kennedy, CASOC, SOCAL, oil, petroleum Dhahran Airfield, Operation 
Hardsurface, Yemeni Civil War, nuclear, Russia, Wahhabi
KILLING BARNEY FIFE: LAW ENFORCEMENT’S SOCIALLY CONSTRUCTED 
PERCEPTION OF VIOLENCE AND ITS INFLUENCE ON POLICE MILITARIZATION
Matthew Hanley–Captain, Virginia State Police, Richmond, Virginia
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: David Brannan, Center for Homeland Defense and Security
Co-Advisor: Patrick Miller, Center for Homeland Defense and Security
Police militarization is a complex subject with significant homeland security implications. Efforts to imple-
ment militarization reform without a clear understanding of the issue could negatively impact law enforce-
ment’s ability to respond to emerging threats from terrorism, homegrown violent extremism, and armed 
criminals. Conversely, unfettered militarization of domestic policing could result in abuse of authority and 
loss of public confidence. This thesis proposes a nuanced definition of police militarization based on existing 
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literature. The research then examines the correlation between violence and police militarization. A statistical 
analysis of crime data found an inverse relationship between levels of reported violence and militarization. 
However, the research discovered a strong nexus between perceptions of violence by the police and efforts 
to militarize. Social identity theory is used to explain why isolated acts of violence against police officers are 
perceived as attacks on the law enforcement community and lead to deep social divisions between the police 
and the public. This socially constructed reality of violence, which is reinforced by the media and training, 
has a powerful effect on police attitudes and behavior. The conclusion is that police militarization has been 
influenced by violence, and appropriate levels of militarized capabilities are needed to protect both the police 
and the public.
Keywords: militarization, violence, social identity, media, training, tactical capability
AT PERISCOPE DEPTH: EXPLORING SUBMARINE 
PROLIFERATION IN SOUTHEAST ASIA
Corwin Hardy–Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Michael Malley, Department of National Security Affairs
Co-Advisor: James Moltz, Department of National Security Affairs
Submarine proliferation in the post-Cold War environment has led to an exponential increase in the number 
of regional submarine operators and begs the question: Were these submarine purchases made for deterrence, 
enforcement, prestige, or a combination of the three? This thesis compared the case studies of Indonesia, Ma-
laysia, Singapore, and Vietnam, analyzed statements made by government and defense officials, and weighed 
each against the regional security environment to determine states’ rationales for purchasing submarines. In-
donesia, Malaysia, and Singapore likely purchased submarines for deterrence and enforcement, and Vietnam 
for deterrence. The deterrence imperative for all states was relatively strong, but enforcement rationales var-
ied; prestige lacked credible evidence as a rationale for submarine purchases. Future submarine proliferators, 
including the Philippines and Thailand, are likely to successfully acquire submarines when the deterrence or 
enforcement imperatives are strongest. These findings are significant because regional submarine operations 
that increase the potential for undersea conflict or accidents can be minimized if governments can reduce the 
threat perceptions of other states or find alternative, effective methods to enforce the maritime domain.
Keywords: submarine, non-nuclear submarine, diesel-electric submarine, undersea, submarine proliferation, 
Southeast Asia, deterrence, enforcement, prestige, regional security
WAR IN THE ATLANTIC: A HISTORICAL CASE OF HOMELAND SECURITY
Caleb Hogg–Lieutenant Commander, United States Navy
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Daniel Moran, Department of National Security Affairs
Second Reader: Carolyn Halladay, Center for Civil-Military Relations
At the outbreak of World War II, Great Britain was unprepared to counter German submarine warfare in the 
Atlantic. In World War I, Germany had conducted a devastating U-boat campaign against merchant shipping, 
threatening the Atlantic supply chain on which Britain depended for goods, food, and materiel. The Royal 
Navy defended the commercial fleet by organizing convoy escorts. In the interwar period, the Navy was bur-
dened by a poor economy, interservice rivalry, and a treaty limiting its fleet. Historian Correlli Barnett—in his 
1991 book Engage the Enemy More Closely—points out that the admiralty had warned that the diminished 
Navy was unprepared to face the rising aggression of Japan and Germany. When war was declared, the Navy 
immediately resumed the convoys and escorts, but it was not sufficient to protect all routes. In the end, tech-
nological advances, above all the introduction of long-range aircraft in an antisubmarine role, helped offset 
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British unreadiness and concomitant losses in the Atlantic, but ingenuity would not have been enough. With-
out strategic alliances, Britain could not have gained the upper hand.
Keywords: military history, strategy, homeland defense
PROSPECTS FOR CLOSER ISRAELI–NATO COOPERATION
The following paper has been recognized as outstanding by its department.
David Ingel–Lieutenant, United States Navy
Master of Arts in Security Studies (Strategic Studies)
Advisor: David Yost, Department of National Security Affairs
Second Reader: James Russell, Department of National Security Affairs
This thesis examines the prospects for closer Israeli–NATO cooperation by analyzing the historical context 
and possible benefits and constraints of developing the relationship. Starting from the inception of NATO and 
the establishment of Israel, the analysis considers the experiences of the small Middle Eastern nation and the 
large collective defense organization. Israel’s limited experiences in multilateral settings, its doctrine of self-re-
liance, Turkey’s critical role, and the continuing Israeli–Palestinian conflict have constrained NATO and Israel 
from cultivating the full potential of the relationship. Of all the impediments, the Israeli–Palestinian conflict 
stands out as the most significant, an undercurrent to them all. Despite Israel’s growing isolation in the Middle 
East, Israel and NATO have gained significant ground in deepening their bilateral relationship. Facing similar 
threats from common radical adversaries, both Israel and NATO stand to gain significant benefits in further 
developing the partnership. In order to gain more support from the members of NATO, as well as for other 
reasons, Israel must take progressive steps toward a peaceful resolution with Palestine.
Keywords: North Atlantic Treaty Organization (NATO), Israel, Israeli-Palestinian conflict, Israeli-Turkish 
relations, Israeli-NATO relations, Israeli-United Nations relations, Israeli-Arab relations
BEYOND DEMOGRAPHICS IS DESTINY: UNDERSTANDING ECONOMIC 
MITIGATION STRATEGIES FOR DEMOGRAPHIC CHANGE IN CHINA
John Judy–Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Naazneen Barma, Department of National Security Affairs
Second Reader: Michael Glosny, Department of National Security Affairs
The favorable demographics that have contributed to China’s rapid economic growth are changing. China’s 
working-age population is currently peaking and, within two decades, its overall population will begin to 
shrink. In addition to a shrinking working-age population, China will see an increase in the elderly population 
and a rising dependency ratio. If China’s enormous stock of labor and low dependency ratio were key elements 
in its rapid economic growth, then some economists conclude that the reversal of these elements will have 
detrimental effects on the Chinese economy. This thesis explores this argument by examining how Germany, 
Japan, and Russia have already faced and attempted to mitigate similar demographic changes, and assesses 
China’s potential mitigation strategies in this light. For each country, the thesis examines two economically 
significant demographic changes—a decreasing working-age population and a rising dependency ratio—and 
then examines how strategies to maximize labor force participation, increase productivity, and control old age 
benefits can potentially mitigate their effects. Comparing China with Germany, Japan, and Russia leads to the 
conclusion that China is poorly prepared to mitigate the economic effects of its coming demographic change.




SECURITY AND PROSPERITY: REEXAMINING THE CONNECTION 
BETWEEN ECONOMIC, HOMELAND, AND NATIONAL SECURITY
Bijan Karimi–Assistant Deputy Director, San Francisco Department of Emergency Management
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Christopher Bellavita, Department of National Security Affairs
Second Reader: Fathali Moghaddam, Center for Homeland Defense and Security
What is the relationship between economic, homeland, and national security? This question drove the inves-
tigation of journal articles and federal doctrine to determine the answer. Through qualitative and quantitative 
research, I explored definitions, examined connections, and made observations. From this effort, I found that 
the definitions for these security elements are cloudy; furthermore, the relationships between the elements are 
primarily described in relation to the elements explored but not in the context of the security environment, 
which plays a significant role. Key findings include: 1) there is not a balanced relationship between economic 
security, homeland security, and national security; 2) the security relationship is an uneven overlap of the ele-
ments; and 3) metamorphic forces shape the security relationships. All combined, some security decisions lead 
to unintended consequences. To align national security efforts, the focus should be on discussing the nation’s 
health through the lens of security and prosperity. The first steps to accomplishing this goal are: 1) develop 
a national narrative, 2) integrate Department of Homeland Security and Department of Defense, 3) create a 
Department of Prosperity, 4) continue combatting violence and extremism, and 5) continue promoting pros-
perity abroad.
Keywords: economic security, homeland security, national security, globalization, complex systems, securitiza-
tion, prosperity
INTRA-OPERATIONAL AREA COORDINATION: THE ZONE EOC CONCEPT
Jeffrey Kearnan–Captain, San Mateo County Sheriff’s Office
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Carolyn Halladay, Center for Civil-Military Relations
Second Reader: Donald Mattei, San Mateo Office of Emergency Services
This thesis highlights the limitations of the existing one-to-one intra-operational area (OA) emergency opera-
tions center (EOC) coordination model during catastrophic disasters. In addition, it establishes a clear need 
for a more effective alternate model and offers a multilateral collaborative model solution—the zone EOC 
concept. Designed to enable manageable span of control and address shortages in available trained EOC per-
sonnel, the zone EOC concept involves establishing consolidated EOCs to represent geographic zones that 
encompass multiple cities, townships, and special districts within an OA. When activated, the zone EOCs 
would coordinate with an OA EOC on behalf of their constituent jurisdictions within each zone. The thesis 
provides a detailed outline and analysis of the zone EOC concept and its various elements in the context of 
the San Mateo County OA and notes key aspects for successful adoption and implementation. The portability 
and applicability of the zone EOC concept in other OAs in the San Francisco Bay Area and beyond is also 
considered; further exploration is recommended.
Keywords: San Mateo County, San Francisco Bay Area, local government, emergency operations center 
(EOC), department operations center (DOC), operational area, emergency response coordination, mutual 
aid, catastrophic disasters, earthquake, geographic regions
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LEARNING TO SEE THE OPPORTUNITIES IN CRISIS AND CATASTROPHE: 
A DECISION MAKER’S GUIDE TO THE ISSUE-ATTENTION CYCLE
Christopher Kimrey–Lieutenant, U.S. Coast Guard
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Christopher Bellavita, Department of National Security Affairs
Second Reader: Ted Lewis
Emerging problems often surprise lawmakers and agency officials and result in rapid, reactive governance. 
The political attention an issue receives may or may not be sufficient to resolve the emergent problem and in 
many cases may be an over-reactive auto-response dictated by public opinion and issue salience. This thesis 
examines the emergence of congressional post-crisis attention and uses statistical analysis to demonstrate the 
primary characteristics that influence the emergence of attention pertaining to a crisis. Furthermore, this 
thesis has established a repeatable model in which an emerging crisis can be evaluated by its characteristics to 
predict the likely reaction of government. This thesis uses quantitative methods to simplify the complexity 
posed by future crises in an effort to avoid sporadic governance. Recognition of the potential for reactive-
ness in decision making may be the key step to creating a culture of controlled, proactive agenda setting. The 
merits of this research transcend the organizational or political future of a single entity or specific stakeholder. 
Ideally, this work will provide an alternate method to observe and study the dynamics of emerging crises and 
episodic attention, providing an opportunity to analyze, comprehend, and then react differently.
Keywords: issue-attention, crisis emergence, punctuated equilibrium, policy window, congressional attention
THE HOMELAND SECURITY ENTERPRISE AND PUBLIC 
WORKS: IMPROVING THE RELATIONSHIP
Jason Lappin–Systems Analyst, Public Works Department, City of Riverside, California
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Lauren Fernandez, Center for Homeland Defense and Security
Co-Advisor: Glen Woodbury, Department of National Security Affairs
The homeland security enterprise (HSE) attempts to support the United States through many national mission 
spaces. Public works supports cities and communities through fundamental services and infrastructure at lo-
cal levels upon which millions of citizens rely. The relationship between the HSE and public works is not often 
addressed, but it needs to be further explored. There are both traditional and nontraditional areas of intersec-
tion that relate the HSE and public works together that require coordinated efforts. These include infrastruc-
ture, resiliency, cyberspace, supervisory control and data acquisition systems, industrial control systems, and 
even emergent concepts such as cyber-physical systems. A qualitative method of analysis was used on the three 
areas of intersection (national preparedness and resilience, cyberspace safety and security, and presumption of 
cyber-physical). Ultimately, this thesis found a mixture of results with three varying relationships: adequate, 
mediocre, and inadequate. This thesis answers the research question: How can the relationship be improved 
between the homeland security enterprise and public works? This thesis also includes three sub-questions: a) 
What are the areas of intersection between the homeland security enterprise and public works? b) Is the rela-
tionship between the HSE and public works adequate or inadequate within the areas of intersection? c) What 
are recommendations for the future relationship between the HSE and public works?
Keywords: public works, cyberspace, cyber-physical, industrial control systems, SCADA, local, relationship, 




HOMELAND SECURITY IS HOMETOWN SECURITY: COMPARISON AND CASE 
STUDIES OF VERTICALLY SYNCHRONIZED CATASTROPHE RESPONSE PLANS
Paul Liquorie–Captain, Montgomery County, Maryland Department of Police
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Nadav Morag, Center for Homeland Defense and Security
Co-Advisor: John Rollins, Center for Homeland Defense and Security
National preparedness doctrine has constantly evolved to address the pressing hazards and threats the coun-
try faces. Although arguably centered on terrorism, the current status of national policy attempts to have 
an all-hazards focus. While the contemporary version provides all tiers of government more guidance and 
structure than ever before, it still remains largely disjointed and lacks an effective overall operational response 
framework. Various components of catastrophe response have been identified, including threat/hazard iden-
tification, interoperability models, and other broad planning concepts. Absent from the federal doctrine is a 
comprehensive plan for the synchronization of vertical intergovernmental response planning. However, there 
are international frameworks and domestic catastrophe response plans developed at the Federal Emergency 
Management Agency regional level that comprehensively close the gap between federal strategy and state/lo-
cal operational necessities. These are presented as a comparison and in case studies that are evaluated against 
the leading catastrophe-response planning criteria from government, professional, and academic standards. 
The conclusion includes recommendations for adapting current federal task force models to focus on catastro-
phe planning, improving national emergency-response capacity, and restructuring federal homeland security 
grant funding.
Keywords: catastrophe response planning, emergency management, homeland security, National Response 
Framework, Emergency Management Assistance Compact (EMAC), catastrophic earthquake, improvised 
nuclear device (IND), Civil Defence Emergency Management (CDEM) group
AUTONOMOUS VEHICLES: A POLICY ROADMAP FOR LAW ENFORCEMENT
Doug Lyons–Lieutenant, California Highway Patrol, Sacramento, California
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Rodrigo Nieto-Gomez, Department of National Security Affairs
Co-Advisor: John Rollins, Center for Homeland Defense and Security
As of 2015, manufacturers and technology innovators are racing to perfect the autonomous vehicle for main-
stream use. Advances in technology have proven that autonomous vehicles are no longer held back by engi-
neering. Currently, there are hundreds being tested on California roadways with great results. The positive 
impacts autonomous vehicles strive to provide include increased safety, decreased traffic congestion, increased 
fuel efficiency, reduced pollution, decreased impaired driving, and mobility for those unable to drive. Like 
any innovative technology, autonomous vehicles face challenges, such as regulatory tribulations, layers of 
safety testing, political and legal scrutiny, and public apprehension. They will also present challenges and op-
portunities for law enforcement as they are tested and eventually become mainstream. This thesis provides an 
introduction to the key strategies the California Highway Patrol (CHP) should foster to support the safe in-
troduction of autonomous vehicles while sustaining strategic relevance. Through scenario planning, the CHP 
can avoid long-term planning based on a single predicted outcome and identify commonalities in numerous 
scenarios and plan accordingly. Policy recommendations include collaboration with stakeholders, an increase 
in the presence in cyber investigations, an increase of high-tech workforce, expansion of high-tech collision 
investigation capability, and encouragement of the appropriate regulations without hindering the technology.




ENVIRONMENTAL PROTEST AND CIVIL SOCIETY IN CHINA
Megan McCulloch–Lieutenant, United States Navy
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Anne Baylouny, Department of National Security Affairs
Co-Advisor: Christopher Twomey, Department of National Security Affairs
The leadership of the Chinese Communist Party (CCP) appears to have conceded that environmental issues 
are an area in which people may publicly challenge governmental and commercial actions; however, the move-
ment does not yet appear to have undergone a significant, positive change of scale. This thesis proposes that, 
as the environmental movement continues to grow in size and legitimacy, the CCP will continue to co-opt 
these protests, using them to maintain its political monopoly. Yet, the increased dissemination of information 
may slowly allow China’s civil society to coalesce and reach past local barriers. This research takes a closer look 
at environmental protests reported over a ten-year timespan, where they occurred, the issues protested, and 
if they have affected Chinese society and politics. Due to an inability to access primary sources on Chinese 
protests, this thesis covers only some of the broad, macro-level trends visible through the lens of these second-
ary sources. Nevertheless, it concludes that the number of reported incidents of protest is growing, and their 
influence is felt throughout civil society.
Keywords: China, environmentalism, social movement theory, civil society, Chinese environment, environ-
mental movements, protest, contentious politics
STATE APPROACHES TOWARD REDUCING YOUTH 
VIOLENCE IN HONDURAS AND NICARAGUA
The following paper has been recognized as outstanding by its department.
Luis Preciado–Major, United States Army
Master of Arts in Security Studies (Western Hemisphere)
Advisor: Arturo Sotomayor, Department of National Security Affairs
Second Reader: Thomas Bruneau, Department of National Security Affairs
Nicaragua and Honduras are neighbor countries situated in one of the most violent regions of the world. As 
such, they share many similarities, including geopolitics, a history of political violence and insurgency, as well 
as a repressive authoritarian past. In spite of the two countries’ similarities, their divergent policing and public 
security policies have led to equally divergent outcomes in crime and homicide rates. What factors explain this 
divergence? How effective are their respective policing and security policies in confronting the proliferation 
of violence among the youth of their nations? Analyzing these questions helps U.S. policymakers gain greater 
understanding of the critical factors that are contributing to Central America’s escalating youth violence. By 
way of a most-similar systems approach, this thesis analyzes the aspects that either enable or degrade state ef-
forts to address their youth gang crises. In sum, building strong and accountable criminal justice institutions as 
well as addressing the socioeconomic challenges that confront youth populations are necessary preconditions 
for reducing youth violence. To assist our regional partners in restoring security to their nations, U.S. policy-
makers need to promote programs that help strengthen institutional capacities and expand social programs 
that assist at-risk youth.
Keywords: Honduras, Nicaragua, youth violence, violent gangs, mano dura, community policing, institutional 
capacity, judicial system, police reform, CARSI, civil-military relations, social factors, institutional oversight
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HOW CRITICAL IS CRITICAL INFRASTRUCTURE?
David Riedman–Captain, Laytonsville District  
Volunteer Fire Department, Montgomery County, MD
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Christopher Bellavita, Department of National Security Affairs
Second Reader: Lauren Wollman, Center for Homeland Defense and Security
The Department of Homeland Security (DHS) holds the statutory mission to protect the nation’s critical in-
frastructure, comprising nationally significant systems and assets, the loss of which would result in debilitating 
consequences to the safety and security of the United States. Based on a meta-analysis of government policies, 
current critical infrastructure protection (IP) efforts may be misdirected even though they are the cornerstone 
of DHS’ mission to prevent terrorism and enhance security. The facilities DHS works to protect from ter-
rorism may not be the most likely targets for attacks. The manner in which facilities are designated as critical 
infrastructure may have stemmed from shared experiences of senior leadership as military strategists rather 
than from identified targets of extremists. Even when a facility is destroyed, the consequences may be more 
complex than the mission of protecting a single facility against all threats and hazards. These findings can 
justify reducing the scope of the current IP mission and refining the focus through a risk-based methodology 
for evaluating only the infrastructure that would cause debilitating impacts on the nation’s safety and security.
Keywords: homeland security, critical infrastructure, World Trade Center, military theory, terrorism
LOST IN TRANSLATION: U.S. FORCES AND CRIME IN JAPAN
Eric Robinson–Civilian, Department of the Army
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Robert Weiner, Department of National Security Affairs
Second Reader: Alice Miller, Department of National Security Affairs
This thesis argues that Japanese media disproportionately finds United States Forces Japan (USFJ) military 
and civilian personnel and their dependents responsible for accidents and crimes. The thesis examines how 
and why this pattern of reporting occurs. The thesis first introduces the pattern of disproportionate attribu-
tion of crime to USFJ and affiliated personnel in Okinawa, then finds that genuine crime rates are low even 
when compared to already low crime rates in the country. The thesis situates this media over-attribution pat-
tern in a broader, Japanese-wide context of over-attribution of crime to non-Japanese residents. It then dis-
cusses further explanatory factors rooted in Okinawa’s socioeconomic and political circumstances themselves, 
including not only the perceived disproportionate hosting burden that Okinawa shoulders for U.S. military 
bases, but also political and media incentives in Okinawa that lead local political actors to emphasize these 
burdens without fully challenging or removing them.
Keywords: crime, Okinawa, Japan, U.S. Forces, media
THE DRAGON’S RISE: A HISTORICAL ANALYSIS OF CHINA’S BILATERAL DIPLOMACY
Jason Rogge–Lieutenant Commander, United States Navy
Master of Arts in Security Studies (Strategic Studies)
Advisor: Daniel Moran, Department of National Security Affairs
Second Reader: David Anderson, Department of National Security Affairs
Throughout much of its history, Communist China has shown a distinct preference for bilateral diplomacy in 
a world largely defined by multilateral diplomacy. Why? Since its founding in 1949, the People’s Republic of 
China (PRC) has been politically dominated by the Chinese Communist Party (CCP). This thesis argues that 
the CCP, with Mao Zedong at the reigns, has been the driving force behind China’s rejection of multilateral-
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ism. It further argues that Mao Zedong ruled the party through his influential personality and dominated 
Chinese foreign policy because of it. China’s turbulent and painful history with the West and the acceptance 
of communist ideology were critical determinants in Mao’s rejection of Western diplomacy standards. This 
thesis concludes that, though multilateralism is indeed on the rise in China, it has been conditional and by no 
means Western. Furthermore, U.S. policy makers should hold the history of Chinese foreign policy in high 
regard when considering the formation of U.S. policy on China.
Keywords: China, foreign policy, Chinese Communist Party, bilateral, multilateral, Mao Zedong
ADDITIVE MANUFACTURING: PREPARING FOR THE REALITY OF SCIENCE FICTION
William Windle–Civilian, Department of Homeland Security, 
Federal Emergency Management Agency
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Thomas Mackin, Center for Homeland Defense and Security
Co-Advisor: John Rollins, Center for Homeland Defense and Security
Historically, policymakers have had difficulty addressing issues raised by emerging technologies. Whether it is 
inadequate legislation due to a general lack of awareness, or overregulation from a perceived threat, emerging 
technologies seem to repeatedly confuse those responsible for ensuring their safe incorporation into society. 
Despite decades of experience with similar issues, this trend continues to this day. What lessons can be drawn 
from different approaches to policy development for other emerging technologies to help policymakers avoid 
these failures for additive manufacturing technologies? A structured focus comparison of three emerging 
technologies, unmanned aerial systems, autonomous vehicles, and additive manufacturing, revealed character-
istics of emerging technologies—such as a low price point for market entry and rapid evolution—that tend to 
surprise policymakers. This thesis recommends organizations make a concerted effort to engage early and of-
ten in the policy development process, and that they carefully consider each stakeholder’s level of involvement. 
It is also recommended that the Department of Homeland Security leverage existing mechanisms, such as the 
Centers of Excellence partnerships and the Strategic Foresight Initiative, to engage nontraditional partners in 
addressing issues raised by additive manufacturing technologies.
Keywords: homeland security, public policy, emerging technology, drones, unmanned aerial systems, autono-
mous vehicles, 3D printing, additive manufacturing, strategic foresight, horizon scanning
SHIFTING POLICY POSTURES OF INDONESIA AND THAILAND: 
RESPONDING TO THE CHINA CHALLENGE
Anthony Wong–Lieutenant Colonel, Republic of Singapore Air Force
Master of Arts in Security Studies (Far East, Southeast Asia, the Pacific)
Advisor: Michael Malley, Department of National Security Affairs
Second Reader: Michael Glosny, Department of National Security Affairs
China’s rise and the strategic uncertainty about its future intentions have compelled countries in Southeast 
Asia, such as Indonesia and Thailand, to adopt hedging strategies. Since 2012, with China’s foreign policy 
shifting toward a more proactive and assertive policy posture, Indonesia and Thailand have exhibited di-
vergent hedging responses: Indonesia has shifted toward the balancing end of the hedging spectrum while 
Thailand has shifted toward the bandwagoning end. This thesis seeks to analyze Indonesia’s and Thailand’s 
hedging responses and the key factors that explain their different preferences. This thesis contends that Indo-
nesia’s and Thailand’s hedging strategies have shifted in response to a change in their ruling elites’ perception 
of benefits from an improved relationship with China, vis-à-vis their perception of China as a security threat. 
In both countries, domestic factors have also exerted an intervening effect on policy outcomes to different 
extents. Indonesia’s hedging strategy reflects the compromise between enhancing its future security, address-
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ing nationalistic concerns of defending its sovereignty, and gaining economic benefits. On the other hand, 
Thailand’s ruling elites have sought to politically and economically benefit from China’s rise in order to bolster 
their political legitimacy at home.
Keywords: China, Indonesia, Thailand, Southeast Asia, hedging, China foreign policy
SOLVING HOMELAND SECURITY’S WICKED PROBLEMS: 
A DESIGN-THINKING APPROACH
Kristin Wyckoff–Director, Public-Private Partnerships, Science and  
Technology Directorate, Department of Homeland Security
Master of Arts in Security Studies (Homeland Security and Defense)
Advisor: Kathleen Kiernan, Center for Homeland Defense and Security
Co-Advisor: Rodrigo Nieto-Gómez, Department of National Security Affairs
The Department of Homeland Security’s Science and Technology Directorate (DHS S&T) requires a con-
sistent yet flexible approach to address wicked problems. A design-thinking methodology holds promise, as 
its tenets align with the diversity and complexity inherent within the homeland security environment. De-
sign thinking emphasizes a human-centered and multidisciplinary approach to solution development. The 
research examined how design thinking is used to solve problems, S&T’s current approach to solving prob-
lems, and how other public organizations are using a design-thinking methodology. Denmark’s MindLab and 
the Defense Advanced Research Projects Agency informed a framework for how DHS S&T could adopt a 
design-thinking approach. The analysis and framework were organized around Galbraith’s Star Model. The 
conclusion is that a design-thinking approach requires a significant shift in how S&T executes research and 
development. This shift can strengthen the dialogue necessary between S&T, homeland security practitio-
ners, and nontraditional DHS partners to spur solutions. This thesis provides a framework for how S&T can 
incorporate design-thinking principles that are working well in other domains to tackle homeland security’s 
complex problems.
Keywords: design thinking, innovation, DHS S&T, Department of Homeland Security, science and technol-








BALANCED SCORECARD FOR JOINT INTERAGENCY TASK 
FORCE SOUTH COUNTER THREAT FINANCE CELL
Earnest Clark–Lieutenant Commander, United States Navy
Stephen Miller–Lieutenant, United States Navy
Craig Dziewiatkowski–Lieutenant, United States Navy
Master of Business Administration
Advisor: Thomas Albright, Graduate School of Business and Public Policy
Co-Advisor: Donald Summers, Graduate School of Business and Public Policy
The purpose of this project is to provide a managerial business tool in the form of a Balanced Scorecard (BSC) 
that enables mission accomplishment for the Joint Interagency Task Force South ( JIATFS) Counter Threat 
Finance (CTF) Cell. This project addresses the following research question: Can we link day-to-day activities 
to the organization’s strategies through a BSC, and can we assist the JIATFS Cell with time and budget alloca-
tion? The project’s method consisted of a site visit, cell member interviews, a BSC workshop, and follow-on 
emails and phone conversations to gather information for the creation of the BSC. The authors developed 
a BSC with 14 organizational performance measures related to three performance objectives and three BSC 
perspectives linking the cell’s day-to-day activities to their organizational strategies. This project concludes 
that the BSC is a viable business tool that can assist the cell in identifying day-to-day activities linked to strate-
gies, and therefore facilitate resource allocation. This project recommends that the JIATFS CTF Cell conduct 
periodic assessments of strategy and activities, consider modifying performance measures, and implement 
initiatives for improvement.
Keywords: Balanced Scorecard (BSC), counter threat finance (CTF), Joint Interagency Task Force South ( JI-
ATFS), strategy map
AN ANALYSIS OF CURRENT OPERATIONAL CONTRACT 
SUPPORT PLANNING DOCTRINE
The following paper has been recognized as outstanding by its department.
Sara Kimsey–Major, United States Army
Master of Business Administration
Advisor: E. Cory Yoder, Graduate School of Business and Public Policy
Co-Advisor: Dayne Nix, Naval War College
The purpose of this project is to analyze Operational Contract Support (OCS) planning doctrine for maturity 
and applicability to single services. In the OCS Initial Capabilities Document, the Department of Defense 
declared OCS a core defense capability. Service components are participating in numerous initiatives to insti-
tutionalize this function through the creation of resources spanning doctrine, organization, training, material, 
leadership, education, personnel, facilities and policy. This project argues for the balanced development of 
OCS planning acquisition and non-acquisition focused resources to effectively integrate this function across 
disciplines. The project analyzes Joint and Army current Operational Contract Support planning doctrine 
for maturity using a hybrid of E. Cory Yoder’s Three Integrative Pillars for Success and Dr. René Rendon’s 
Contract Management Maturity Model. Next, the project analyzes the execution of OCS and contingency 
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Model. The analysis revealed Joint-level OCS planning resources are higher in maturity than operational-level 
resources. The author recommends establishing immaterial planning activities and common vocabulary link-
ing inorganic acquisition and non-acquisition entities. The author also recommends that future contingency 
contracting planning guidance developed is appropriate for initial-entry operations applicable to various levels 
of theater maturity.
Keywords: operational contract support, contingency contracting, Phase 0 planning, shaping phase
IMPLEMENTATION AND UTILIZATION OF SECURITY 
ASSISTANCE: A MULTI-COUNTRY ANALYSIS
Samantha Schwellenbach–Civilian, Department of the Navy
Master of Business Administration
Advisor: Laura Armey, Defense Resources Management Institute
Co-Advisor: Kathleen Peggar, Center for Civil-Military Relations
Security assistance encompasses a broad assortment of tools to include the sale or transfer of military equip-
ment, grant funds, and education and training, all of which aim to build partner nation capacity. This project 
examines trends among the U.S. Foreign Military Sales, Foreign Military Financing, and Russia’s Military-
Technical Cooperation Programs. Regional program trends are examined and further analysis is provided on 
the ground-level operational impact and the implications of changing levels of support in Indonesia, Lebanon, 
and Turkey. The effect on these countries’ engagement with the United States and other international provid-
ers is also analyzed. These programs are important means to obtain access to and influence militaries in allied 
and friendly nations. While these programs support the implementing nation’s foreign policy and national se-
curity objectives, and provide benefit to the recipient nation, there are concerns regarding competing interests. 
Given the ever-changing global environment, security assistance programs will remain essential to counter 
security threats and continue to evolve. Provider nations must carefully consider the costs and benefits of such 
assistance.
Keywords: security assistance, foreign military sales, foreign military financing, military-technical cooperation
DESCRIPTIVE ANALYSIS AND STRATEGIC OPTIONS TO DEFEAT COMMODITY-
BASED THREAT FINANCING METHODOLOGIES RELATED TO GOLD
Stuart Whitaker–Lieutenant, United States Navy
Master of Business Administration
Advisor: Sean Everton, Department of Defense Analysis
Co-Advisor: Matthew Jacobs, Graduate School of Business and Public Policy
This thesis identifies the contributions of gold from mine to market in financing nefarious organizations, 
sustaining illicit economies, and impacting national economies. After identifying common practices at all 
levels of operations and the market participants involved, regional cases from Africa, the Middle East, Indian 
Subcontinent, and South America are discussed, which illuminate the vulnerabilities in this trade. Nongov-
ernmental organization, intergovernmental organization, and state responses are also discussed in their ef-
forts to counter threat financing, formalize operations, and identify problematic sourcing of this highly liquid 
commodity. Threat financing being transnational in nature, the international policy environment in the con-
text of the Financial Action Task Force is also analyzed to illuminate network structures and identify at-risk 
states. Market operations and the narrative of regional threats were constructed through research into U.S. 
and intergovernmental organization publications, foreign state produced publications and legislation, industry 
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trade-group standards, academic literature, and open-source reporting. Published data was also collected from 
the Financial Action Task Force, the World Bank, the United Nations, industry groups, and auditing firms.
Keywords: counter threat finance, commodity-based money laundering, terrorist financing, social network 
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APPLIED CYBER OPERATIONS
IDENTIFYING AND EMBEDDING COMMON INDICATORS OF COMPROMISE IN 
VIRTUAL MACHINES FOR LAB-BASED INCIDENT RESPONSE EDUCATION
Matthew Van Dusen, Petty Officer First Class, United States Navy
Master of Science in Applied Cyber Operations
Advisor: John Fulp, Department of Computer Science
Co-Advisor: Gurminder Singh, Department of Computer Science
Though typical malware delivery vectors, behaviors, and general attack craft can be verbally explained and 
even illustrated, greater familiarity and confidence is imbued in the cyber defender when such theoretical 
explanations are followed by guided practical exercises that provide realistic scenarios. To demonstrate this, 
we created seven scenarios utilizing common attack types combined with prominent artifacts for indicators 
of compromise and prominent incident investigative tools. These scenarios will help facilitate the educational 
experience for students as well as instill confidence, resulting in more proficient incident response across the 
field. Should this type of education become a part of the Naval Postgraduate School curriculum, additional 
research can be conducted to reaffirm its true capacity.
Keywords: cyber incident response, information technology education
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SECRET SHARING SCHEMES AND ADVANCED ENCRYPTION STANDARD
The following paper has been recognized as outstanding by its department.
Bin Yong Lim–Major, Republic of Singapore Air Force
Master of Science in Applied Mathematics
Advisor: Pantelimon Stanica, Department of Applied Mathematics
Second Reader: David Canright, Department of Applied Mathematics
The major objective of this study is to identify a simplified methodology to reconstruct a secret that is dis-
tributed using Shamir’s Secret Sharing Scheme, and to use the derived results to investigate implications on 
Advanced Encryption Standard. This thesis begins by using existing mathematical conjectures to simplify a 
monic polynomial generated by the dealer in a threshold secret sharing scheme. The second part of the thesis 
then identifies the variable bounds that an individual (eavesdropper or outsider) can use to reconstruct the 
secret by gathering just two shares out of multiple public shares. The findings from the first two parts of the 
simplified secret sharing scheme can be effectively used to identify weaknesses of side-channel attacks, and 
subsequently applied to improve the mechanics of Advanced Encryption Standard. Future work could include 
generalizing the methodology to include non-monic polynomials, or exploring the use of prime coefficients 
in the dealer-generated polynomial.
Keywords: secret sharing, secret reconstruction, monic polynomials, Advanced Encryption Standard
DENSITY DECONVOLUTION WITH EPI-SPLINES
James Carbaugh–Lieutenant, United States Navy
Master of Science in Operations Research and Master of Science in Applied Mathematics
Advisor: Johannes Royset, Department of Operations Research
Co-Advisor: Wei Kang, Department of Applied Mathematics
Second Reader: Samuel Buttrey, Department of Operations Research
Analysts tasked with developing probability density estimates may obtain data in sets of varying quality and 
quantity. Often, low-fidelity data contaminated with measurement error, or noise, may be abundant, but the 
cost of obtaining data free of these errors will limit the amount of high-fidelity data available. In such a sce-
nario, the problem is to identify an estimate of a probability density function given scarce high-fidelity obser-
vations, knowledge of measurement errors, abundant noisy data, and available user knowledge of the density 
apart from empirical data. We solve this rich class of deconvolution problems through constrained optimiza-
tion with first-order epi-splines, which are used for the first time to approximate densities to an arbitrarily 
high level of precision.We limit our scope to univariate densities where measurement errors are homoscedastic. 
Demonstrations come from a benchmark from the literature, historical medical data, and a scenario in uncer-
tainty quantification in fluid dynamics. Results show that deconvolution via epi-splines is viable, comparable 
with a widely available deconvolution method, and shows potential for savings in resource budgets for data 
collection.
Keywords: deconvolution, probability density estimation, epi-splines, optimization, functional approxima-
tion, non-parametric statistics, uncertainty quantification
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SATELLITE TASKING VIA A TABLET COMPUTER
Courtney Guy
Master of Science in Astronautical Engineering
Advisor: Mark Karpenko, Department of Mechanical and Aerospace Engineering
Second Reader: I. Michael Ross, Department of Mechanical and Aerospace Engineering
Tablet computing has the potential to reshape the scope of situational awareness. This is because application 
developers have derived uses for tablet devices that the original inventors did not intend and could not have 
imagined. One such application is to provide the ability for the warfighter to directly request aerial images 
from overhead assets, including unmanned aerial vehicles or satellites. Advancements in mobile technology 
and network connectivity have helped to overcome the challenges of information delivery, but there remains 
the challenge of real-time information. This thesis examines the concept of tablet-based information requests 
for real-time satellite tasking. As a proof-of-concept, a tablet-based application is developed that enables the 
user to task a satellite system by interacting with a map. Requests are sent and processed by a server applica-
tion and are then routed to the appropriate asset. Real-time response to the request is emulated using a de-
tailed simulation model of a control moment gyroscope actuated spacecraft. Simulated images and spacecraft 
attitude errors are used to mimic the data collection process. This information is uploaded to the server for 
retrieval by the tablet application, thereby completing the request cycle and demonstrating the feasibility of 
remote satellite tasking using a tablet computer.
Keywords: tablet applications, Xcode, Objective C, Sencha Touch 2, Cordova, tablet application develop-
ment, satellite tasking, imaging satellites, spacecraft model, satellite scheduling, MUOS, Kestrel Eye, GeoEye, 
WorldView, Commercial Imagery Team, imaging assets
RAPID SLEWING OF FLEXIBLE SPACE STRUCTURES
The following paper has been recognized as outstanding by its department.
Steven Wojdakowski–Major, United States Army
Master of Science in Astronautical Engineering
Advisor: Mark Karpenko, Department of Mechanical and Aerospace Engineering
Second Reader: I. Michael Ross, Department of Mechanical and Aerospace Engineering
This thesis addresses the problem of computing rapid slew maneuvers for a spacecraft antenna mounted on a 
double-axis gimbal with elastic joints. The performance of the system can be enhanced by designing antenna 
maneuvers in which the flexible effects are properly constrained, thus reducing the load on the spacecraft 
control system. The motion of a mass-spring-damper system is shown to be analogous to a spacecraft antenna 
slew with linear dynamics. This model is extended to a nonlinear double-gimbal mechanism with flexible 
joints, which better represents real spacecraft antenna dynamics. Rather than increase maneuver times to 
control flexible motion, this thesis presents optimal solutions that decrease maneuver times while allow-
ing designers to easily constrain flexibility. Since it is impossible to recast the nonlinear system into a modal 
representation, an innovative approach is used to map the nonlinear dynamics into a linear system with a 
fictitious force. The fictitious force captures the effects of the nonlinearities so the vibrational motion can be 
constrained for a time-optimal slew. It is shown that by constructing an appropriate optimal control problem, 
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the maneuver time for a flexible DGM can be decreased by approximately 42% compared to a conventional 
computed torque control solution.
Keywords: multibody systems, modal analysis, optimal control, satellite, flexible space structure, maneuver 
design, slew design
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DEFENSE IN DEPTH ADDED TO MALICIOUS ACTIVITIES SIMULATION TOOLS
Adam Farber–Lieutenant, United States Navy
Robert Rawls–Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Gurminder Singh, Department of Computer Science
Co-Advisor: John Gibson, Department of Computer Science
With its ever-increasing reliance upon computers and networks in all facets of operation and administra-
tion, the U.S. military is becoming increasingly vulnerable to computer and network-based threats. Military 
technicians’ ability to prevent and mitigate these threats is a skill that must be learned and practiced; for this 
reason, the Malicious Activities Simulation Tool (MAST) was created. The ongoing training required to de-
fend networks and ensure DOD network policies are implemented correctly is costly and time consuming. 
A solution was needed to facilitate training system operators and administrators in potentially inauspicious 
environments, and to be adaptable to emerging threats. Since the proposed solution is on local systems with 
communication traveling over untrusted networks, a defense in depth plan ensures no undue consequences 
occur during MAST use.
Keywords: MAST, SSL/TLS, digital signature, Malicious Activity Simulation Tool, defense in depth
FORMAL SPECIFICATIONS FOR AN ELECTRICAL POWER 
GRID SYSTEM STABILITY AND RELIABILITY
Jonathan Galinski–Captain, United States Marine Corps
Master of Science in Computer Science
Advisor: Doron Drusinsky, Department of Computer Science
Second Reader: Man-Tak Shing, Department of Computer Science
This thesis provides natural language requirements and associated formal specifications for an electric power 
grid. These specifications are the first step in using bounded constraint solving to detect early bleak states in 
an electric power grid system. We analyze several methods of software verification and validation including 
Theorem Proving, Model Checking, and Execution-based Model Checking before determining that Execu-
tion-based Model Checking is the most suitable for specifying properties of a power grid. The requirements 
and specifications are broken into four categories: undesirable events, downward trends, failure to recover, 
and undesirable fluctuations. All specifications are focused on system stability and reliability as indicated by 
system frequency and operating in a secure N-1 state. Specifications from three out of the four categories were 
tested to ensure they meet the spirit and letter of the natural language requirements while eliminating ambi-
guity inherent to natural languages. Finally, we show how a Hidden Markov Model can be used to perform 
run-time monitoring in the presence of hidden states, thereby enabling run-time monitoring of systems where 
monitored artifacts are not all perfectly visible.
Keywords: run-time monitoring, statechart assertions, formal specifications, electric power grid, hidden mar-
kov model





REAL-TIME DETECTION OF OPERATIONAL MILITARY 
INFORMATION IN SOCIAL MEDIA
The following paper has been recognized as outstanding by its department.
Patrick Gillen–Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Thomas Otani, Department of Computer Science
Co-Advisor: Man-Tak Shing, Department of Computer Science
Access to information has never been easier and people’s eagerness and ability to publish information on social 
media platforms has never been higher. The growing mountain of information has presented an opportunity 
and a significant challenge for data scientists. The military in particular can benefit from the ability to use 
public information to gain an awareness of its current vulnerabilities and learn about its adversaries. This 
thesis explores methods for collecting public information from social media that may be revealing operational 
military movements. This research demonstrates that it is possible to train a machine to search for and find 
military members in social media by using publicly available information distributed by the military. The post-
ings of military members, once identified, can then be ingested and processed in real time, allowing the timely 
detection of possible military information that has been posted in social media.
Keywords: Twitter, tweet, social media, machine learning, support vector machine, big data, data mining, 
Python, text classification
DISCOVERY OF IPV6 ROUTER INTERFACE ADDRESSES VIA HEURISTIC METHODS
Matthew Gray–Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Robert Beverly, Department of Computer Science
Second Reader: Arthur Berger, MIT
With the assignment of the last available blocks of public IPv4 addresses from Internet Assigned Numbers 
Authority, there is continued pressure for widespread IPv6 adoption. Because the IPv6 address space is larger 
than the IPv4 address space, researchers need new methods and techniques to accurately measure and charac-
terize growth in IPv6. This thesis focuses on IPv6 router infrastructure and examines the possibility of using 
heuristic methods to discover IPv6 router interfaces. We consider two heuristic techniques in an attempt to 
improve upon current state-of-the-art IPv6 router infrastructure discovery methods. The first heuristic exam-
ines the ability to generate candidate IPv6 addresses by finding the most common lower 64-bit patterns among 
IPv6 router interface addresses observed in historical probing data. The second heuristic generates candidate 
IPv6 addresses by assuming that an IPv6 address seen in historical probing data is one end of a point-to-point 
link, and uses the corresponding end’s IPv6 address. Using a distributed active topology measurement system, 
we test these heuristic methods on the IPv6 Internet. We find that our first heuristic is successful in discover-
ing a non-trivial number of new router interfaces, while the second heuristic is more efficient.
Keywords: IPv6, discover of router infrastructure, heuristics
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“CHARLIE, ”DEVELOPMENT OF A LIGHT-WEIGHT, VIRTUAL REALITY TRAINER 
FOR THE LSO COMMUNITY: TIME TO MAKE THE LEAP TOWARD IMMERSIVE VR
The following paper has been recognized as outstanding by its department.
Larry Greunke–Lieutenant, United States Navy
Master of Science in Computer Science
Advisor: Amela Sadagic, MOVES Institute
Second Reader: Eric McMullen, Computer & Information Programs Office
Landing Signal Officers (LSOs) are the backbone of tailhook naval aviation. Currently, once a junior officer 
is selected from a squadron to become an LSO, that person typically will go through an entire workup cycle 
before going to the Initial Formal Ground Training (IFGT) course. This means that an LSO will undergo 
months of on-the-job training at sea and assume different roles needed to recover aircraft before that indi-
vidual receives his or her first formal training during IFGT. At the center of IFGT is the LSO Trainer, Device 
2H111, in which the LSO receives a series of six one-hour sessions. For many LSOs, this will be the only 
interaction with this training simulator. The aim of this thesis was to develop and evaluate if major training 
objectives for the 2H111 could be supported using a proof of concept, light-weight, portable VR trainer with 
a VR HMD as its display solution. Thesis work included feasibility testing of a Graphical User Interface and 
voice recognition integration into a simulation to facilitate both an individual and a team training environ-
ment. The result of the study is that technology has come far enough to support a commercial-off-the-shelf 
technology solution.
Keywords: Landing Signal Officer, virtual reality, commercial-off-the-shelf technology, trainer
LEARNING TO PREDICT DEMAND IN A TRANSPORT-RESOURCE SHARING TASK
The following paper has been recognized as outstanding by its department.
Shian Kang–Civilian, Defence Science and Technology Agency, Singapore
Master of Science in Computer Science
Advisor: Neil Rowe, Department of Computer Science
Co-Advisor: Thomas Otani, Department of Computer Science
Resource allocation problems occur in many applications. One example is bike-sharing systems, which encour-
age the use of public transport by making it easy to rent and return bicycles for short transits. With large num-
bers of distributed kiosks recording the time and location of rental transactions, the system acts like a sensor 
network for movement of people throughout the city. In this thesis, we studied a range of machine-learning 
algorithms to predict demand (ridership) in a bike-sharing system, as part of an online competition. Predic-
tions based on the Random Forest and Gradient Boosting algorithms produced results that ranked among the 
top 15% of more than 3,000 team submissions. We showed that the mandated use of logarithmic error as the 
evaluation metric overemphasizes errors made during off-peak hours. We systematically experimented with 
model refinements and feature engineering to improve predictions, with mixed results. Reduction in cross-
validation errors did not always lead to a reduction in test set errors. This could be due to overfitting and the 
fact that the competition test set was not a random sample. The approach in this thesis could be generalized 
to predict use of other types of shared resources.




GAPR2: A DTN ROUTING PROTOCOL FOR COMMUNICATIONS IN 
CHALLENGED, DEGRADED, AND DENIED ENVIRONMENTS
Kevin Killeen–Lieutenant, United Stated Navy
Master of Science in Computer Science
Advisor: Justin Rohrer, Department of Computer Science
Second Reader: Geoffrey Xie, Department of Computer Science
This thesis explores the foundation of modern Disruption Tolerant Protocols. It introduces a previously 
unpublished protocol with high probability of delivery called the Geolocation Assisted Predictive Routing 
(GAPR) Protocol and implements Vector Routing for The ONE Simulator. GAPR and Vector are then com-
bined and implemented as GAPR2, a new protocol that provides delivery ratio near the best in the field while 
incurring a quarter of the overhead. GAPR2, GAPR, and Vector, along with the most widely referenced DTN 
routing protocols (Epidemic, MaxProp, and PRoPHETv2) are extensively simulated and their performance 
evaluated using three mobility models: the Helsinki scenario, a random mobility model, and a military sce-
nario based on a real-world annual exercise. The custom-built military mobility model uses GIS topographical 
data and custom GIS overlays to implement a realistic scenario terrain. The performance of each protocol is 
evaluated. This thesis shows, through simulation, that DTN networks can be employed to enhance commu-
nications capabilities without expensive infrastructure or significant platform upgrades. Further, this thesis 
shows, through large-scale simulations, that such a network is capable of operating over hundreds of square ki-
lometers and provides the simulation framework to test future routing protocols or equipment configurations.
Keywords: networking, DTN, DTN routing, GAPR, GAPR2, MaxProp, PRoPHET, Vector, DTN simula-
tion, ONE, ONE Simulator, DTN mobility, DTN simulation using GIS
DETECTION OF ACTIVE TOPOLOGY PROBING DECEPTION
Weiyou Nicholas Phua–Civilian, Singapore
Master of Science in Computer Science
Advisor: Robert Beverly, Department of Computer Science
Second Reader: Justin Rohrer, Department of Computer Science
For all purposes and intents, being able to infer the topology of a network is crucial to both operators and 
adversaries alike. Traceroute is a common active probing technique but it may be subverted by deceptive 
responses. We identify possible inconsistencies in traceroute deception systems, and endeavor to find poten-
tial deception in the historic IPv4 Routed /24 Topology Dataset from the Center for Applied Internet Data 
Analysis. Our results show three major patterns in 2013 and 2014 that exhibited instances of inconsistencies 
matching the techniques in our methodology. In addition to analyzing the historic dataset, we evaluate three 
cases of traceroute manipulation in the wild. These case studies include The Pirate Bay (TPB) server suppos-
edly residing in North Korea, the Star Wars- and Christmas Carol-themed gags involving customized Domain 
Name System names, and the experimental DeTracer at the Naval Postgraduate School. In the TPB case, we 
discovered extensive and long-running deception in the /24 subnet. We found intriguing patterns in the gag 
traceroutes and fake topologies from the DeTracer, which we may use to improve our filtering process. In all, 
the findings will aid future operations in verifying inferred network topologies from traceroutes.
Keywords: network topology, network deception, traceroute
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A COMPUTER SCIENTIST’S EVALUATION OF PUBLICALLY 
AVAILABLE HARDWARE TROJAN BENCHMARKS
Scott Slayback–Civilian, Scholarship for Service
Master of Science in Computer Science
Advisor: Theodore Huffmire, Department of Computer Science
Second Reader: Mark Gondree, Department of Computer Science
Dr. Hassan Salmani and Dr. Mohammed Tehranipoor have developed a collection of publically available 
hardware Trojans, meant to be used as common benchmarks for the analysis of detection and mitigation tech-
niques. In this thesis, we evaluate a selection of these Trojans from the perspective of a computer scientist with 
limited electrical engineering background. This thesis is also intended to serve as a supplement to the existing 
documentation, since it provides a thorough description of each benchmark. This description presents a de-
tailed analysis of each Trojan’s activation conditions and post-activation activity. In addition, we describe the 
difficulties we encountered in synthesizing and simulating each Trojan, and, where possible, provide solutions 
to those difficulties.
Keywords: building security in, design for trust, hardware intellectual property cores, Hardware Oriented 
Security and Trust, hardware synthesis, hardware Trojans, HDL, inherently trustworthy systems, malicious 
hardware, reconfigurable hardware, secure interfaces
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DEVELOPMENT OF A NAVAL SUPPLY SYSTEMS COMMAND ACQUISITION 
SUPPLEMENT—A BUSINESS PRACTICE IMPROVEMENT
Annette Stevenson–Civilian, Department of the Navy
Master of Science in Contract Management
Advisor: Charles Pickar, Graduate School of Business and Public Policy
Co-Advisor: Clarence Belton, Deputy Assistant Secretary 
of the Navy (Acquisition and Procurement)
The Naval Supply Systems Command (NAVSUP) must streamline its method of providing acquisition-related 
procedures, guidance, and instructions to its contracting workforce. NAVSUP’s supplemental guidance to 
the Federal Acquisition Regulation (FAR), Defense Federal Acquisition Regulation Supplement (DFARS), 
and Naval Marine Corps Acquisition Regulation Supplement (NMCARS) is currently published in 142 policy 
letters and 13 directives. NAVSUP’s current process of providing policy and guidance via dissemination of 
155 individual documents is an inefficient method of communicating contracting policy and guidance to its 
acquisition workforce. Consolidation and organization of the information contained in these documents into 
a single acquisition supplement will provide the contracting workforce with an efficient method of accessing 
needed information when awarding and administering contracts in support of assigned logistics support func-
tions and acquisitions related to NAVSUP’s unique contracting authorities. It will also improve the NAVSUP 
Contracting Management Directorate’s ability to efficiently communicate acquisition policy, guidance, and 
instructions to its acquisition workforce. This business practice improvement effort will improve commu-
nication between the NAVSUP Contracting Management Directorate’s policy team, decision makers, and 
contracting workforce; increase workplace productivity; and provide the acquisition workforce an efficient 
resource for obtaining NAVSUP supplemental guidance to the FAR, DFARS, and NMCARS.
Keywords: acquisition supplement, acquisition policy
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GEOLOCATION OF SSH ATTACK DATA
Jeffry Macy II–Lieutenant, United States Navy
Master of Science in Cyber Systems and Operations
Advisor: Neil Rowe, Department of Computer Science
Second Reader: J. D. Fulp, Department of Computer Science
Cyber attacks are becoming more prevalent across all sectors of government, business, and academia. Aca-
demic networks can be more vulnerable to attack due to a lack of resources and funding. This thesis analyzed 
unsuccessful Secure Shell (SSH) login attempts with data extracted from the DenyHosts service on the Naval 
Postgraduate School’s (NPS) network, and compared it to SSH logon data from a Kippo SSH honeypot in-
dependent from the NPS network to determine patterns in activity associated with geolocation. Additionally, 
this thesis analyzed the frequency of the originating IP address, then tried to determine if proxies were being 
used and, if so, how regularly. We identified similar characteristics of attacking hosts for both networks, and 
noted an excessive use of vulnerable platforms and ports. Our methodology did not allow us to ascertain if any 
of the attacks were automated, but we have high confidence that the remote sites were compromised because 
of their preponderant use of vulnerable software. We also identified common use of ports 5060 and 8080, 
suggesting possible botnet activity associated to these sites.
Keywords: SSH, Kippo, Denyhosts, honeypot
UTILIZATION OF CONCURRENT BUFFERS TO FACILITATE SEAMLESS 
DATA TRANSITION IN TACTICAL CELLULAR COMMUNICATIONS
Darien Pitts–Major, United States Army
Master of Science in Cyber Systems and Operations
Advisor: John Gibson, Department of Computer Science
Second Reader: Gurminder Singh, Department of Computer Science
The Department of Defense increasingly depends on secure, interoperable data networking. The emergence 
of devices leveraging media-independent handover technology, based on the IEEE 802.11 standard that was 
released in 1997 and addresses wireless local area networks, offers potential benefit to tactical networking. 
However, full implementation of IEEE 802.21-enabled networks for tactical use is currently infeasible due 
to design and deployment constraints. This thesis serves to further research in the field of media indepen-
dent handover, particularly with respect to enduring Transmission Control Protocol (TCP) sessions across 
heterogeneous media handovers. The principal purpose of the research is to introduce a top-level design for 
managing TCP sessions across the IEEE 802.21 handovers by instituting a set of synchronized TCP sockets 
across which an actual TCP session is tunneled. Included in the design is consideration for security of data at 
rest. To provide context, the tactical network environment is modeled using two current tactical simulations 
to demonstrate the degree to which tactical networks are subject to link discontinuities. The link discontinui-
ties produce less than optimal communications in which an 802.21-enabled network may assist or mitigate.




MULTIPLE-INPUT MULTIPLE-OUTPUT WAVELET PACKET MODULATION 
BASED SOFTWARE-DEFINED RADIO TRANSCEIVER DESIGN
The following paper has been recognized as outstanding by its department.
Michael Cribbs–Lieutenant, United States Navy
Master of Science in Electrical Engineering
Advisor: Frank Kragh, Department of Electrical and Computer Engineering
Second Reader: Ric Romero, Department of Electrical and Computer Engineering
Second Reader: Tri Ha, Department of Electrical and Computer Engineering
In this thesis, a software-defined radio (SDR) transmitter and receiver is developed using GNU Radio. The 
designed SDR multiplexes orthogonal subcarriers using wavelet packet modulation (WPM). WPM achieves 
subcarrier orthogonality by employing the inverse discrete wavelet packet transform (IDWPT) for the trans-
mitter and discrete wavelet packet transform (DWPT) for the receiver. Realization concerns for the IDWPT 
and DWPT are discussed to allow for any desired wavelet to be utilized in these transforms. Alamouti en-
coding and decoding techniques are used to achieve a multiple-input multiple-output (MIMO) configuration 
with two transmit antennas and two receive antennas. The order in which Alamouti encoding and IDWPT 
algorithms are applied to the transmit data stream results in a MIMO space time and frequency block code. 
Quadrature phase-shift keying is used for digital modulation coding, but quadrature amplitude modulation is 
also readily supportable. Forward error correction is performed using built-in GNU Radio blocks that imple-
ment a rate one-half, constraint length seven convolutional code. Bit error ratio performance curves generated 
from software simulations are provided to illustrate the success of the developed SDR. Successful hardware 
testing results using universal software radio peripherals for transmitter and receiver radio frequency front-
end interfaces are also presented.
Keywords: software-defined radio (SDR), wavelet packet modulation (WPM), GNU Radio, multiple-input 
multiple-output (MIMO), Alamouti
DESIGN AND OPTIMIZATION OF COPPER INDIUM 
GALLIUM SELENIDE THIN FILM SOLAR CELLS
Daniel Katzman–Captain, United States Marine Corps
Master of Science in Electrical Engineering
Advisor: Sherif Michael, Department of Electrical and Computer Engineering
Second Reader: Matthew Porter, Department of Electrical and Computer Engineering
The objective of this thesis was to simulate a new way to create high efficiency Copper Indium Gallium Sel-
enide (Cu(InGa)Se2) cells. This was accomplished by creating a model in Silvaco’s technology computer aided 
design ATLAS program. A baseline model was tested to confirm functionality of the software, and a stepwise 
approach was used to include additional features. The first addition was the inclusion of a multi-layer absorber 
layer with graded Ga concentrations. This layer showed increased internal electric fields, which helped to in-
crease the output of the cell. This was followed by the replacement of the traditional n-type CdS buffer layer 
with a n-type ZnO buffer layer. The ZnO buffer layer was found to have better band alignment than CdS and 
resulted in a significant improvement in device performance. Finally, a top grid was included which reduced 





the output of the cell as a result of shading. The final simulation resulted in a Cu(InGa)Se2 cell that operated 
at 21.14% efficiency, a 21.9% increase from the baseline cell.
Keywords: CIGS, efficiency, solar, SILVACO, ATLAS
GEOMETRY-OF-FIRE TRACKING ALGORITHM FOR DIRECT-FIRE WEAPON SYSTEMS
Caleb Khan–Captain, United States Marine Corps
Master of Science in Electrical Engineering
Advisor: Zachary Staples, Department of Electrical and Computer Engineering
Co-Advisor: Xiaoping Yun, Department of Electrical and Computer Engineering
Second Reader: James Calusdian, Department of Electrical and Computer Engineering
The continuous cycle for validating geometry of fires on a battlefield impedes momentum. A force that can 
decide and act more quickly than the enemy has an advantage. The goal of this thesis is to provide dismounted 
infantry units with this advantage by developing a sensor network that streamlines the geometry-of-fire vali-
dation cycle for direct-fire weapon systems. This is the first attempt to develop technology for this specific 
application. Prototyping the system’s overall design became this thesis’ main objective. A kinematic model of 
a rifleman was created to describe the motion of a manipulated weapon system, and a geometry-of-fire track-
ing algorithm was created to compute the offsets between friendly nodes in a network. The kinematic model 
and tracking algorithm were both verified using YEI 3-Space Data-Logging sensors and the VICON motion 
system. The sensor, model, and algorithm were integrated into a tactical network that was designed by con-
current research at the Naval Postgraduate School. Assuming an inertial personal navigation system can be 
created, we found that this basic prototype provided a viable foundation for further development. The results 
of this thesis demonstrate the potential for this technology to be fully developed and implemented to enhance 
dismounted infantry units.
Keywords: geometry of fire, situational awareness, close quarters combat, direct-fire weapon system, tactical 
network, personal navigation system, orientation, kinematics, coordinate system, reference frame, transforma-
tion operator, quaternion, rotation matrix
NEURAL DETECTION OF MALICIOUS NETWORK ACTIVITIES USING A 
NEW DIRECT PARSING AND FEATURE EXTRACTION TECHNIQUE
Cheng Hong Low–Civilian, ST Aerospace, Singapore
Master of Science in Electrical Engineering
Advisor: Phillip Pace, Department of Electrical and Computer Engineering
Co-Advisor: Monique Fargues, Department of Electrical and Computer Engineering
The aim of this thesis was to develop an intrusion detection system (IDS) software, which learns to detect 
and classify network attacks and intrusions through prior training data. With the added criteria of operating 
in real-time applications, ways of improving the efficiency of the IDS without sacrificing the probability of 
correct classification (PCC) were also considered. Knowledge Data and Discovery Cup 99 data was used to 
evaluate the IDS architecture. Two neural network (NN) architectures were designed and compared through 
simulation; the first architecture uses a single NN, while the second uses the merged output of three NNs in 
parallel. Results showed that a three-parallel NN implementation has similar classification performance and 
a shorter training time than a single NN implementation. PCC was on the order of 93% for denial-of-service 
attacks and 96% for normal traffic. The classification results for the R2L and U2R attacks were poor due to 
the lack of available training data.
Keywords: intrusion detection systems, neural networks
55
ELECTRICAL ENGINEERING
UTILIZING ROBOT OPERATING SYSTEM IN ROBOT VISION AND CONTROL
Joshua Lum–Captain, United States Marine Corps
Master of Science in Electrical Engineering
Advisor: Xiaoping Yun, Department of Electrical and Computer Engineering
Co-Advisor: Zachary Staples, Department of Electrical and Computer Engineering
The Robot Operating System (ROS) is an open-source framework that allows robot developers to create 
robust software for a wide variety of robot platforms, sensors, and effectors. The study in this thesis encom-
passed the integration of ROS and the Microsoft Kinect for simultaneous localization and mapping and au-
tonomous navigation on a mobile robot platform in an unknown and dynamic environment. The Microsoft 
Kinect was utilized for this thesis due to its relatively low cost and similar capabilities to laser range scanners. 
The Microsoft Kinect produced three-dimensional point-cloud data of the surrounding environment within 
the field-of-view. The point-cloud data was then converted to mimic a laser scan. The odometry data from the 
mobile robot platform and the converted laser scan were utilized by a ROS package for simultaneous localiza-
tion and mapping. Once self-localization and mapping were achieved, a ROS navigation package was utilized 
to generate a global and local plan, which translated to motor velocities in order to move the robot to its objec-
tive. The results demonstrated that simultaneous localization and mapping and autonomous navigation can be 
achieved through the integration of ROS and the Microsoft Kinect.
Keywords: Robotics, mobile robots, Microsoft Kinect, Pioneer P3-DX, ROS, SLAM, autonomous navigation
FERRITE LOADED COILS FOR IMPROVED WIRELESS POWER TRANSFER EFFICIENCY
Seth Rosenberry–Lieutenant Commander, United States Navy
Master of Science in Electrical Engineering
Advisor: David Jenn, Department of Electrical and Computer Engineering
Second Reader: Roberto Cristi, Department of Electrical and Computer Engineering
Recharging the battery system on Navy Autonomous Underwater Vehicles requires physical electrical contact 
between the vehicle and a docking station specifically designed to accommodate only one particular hull 
size. Inductive power transfer using mutually coupled coils eliminates physical contact, which can lead to an 
electrical short in a seawater environment, and provides the flexibility needed to create a docking station that 
can accommodate numerous hull sizes. Unfortunately, the power-transfer efficiency between these coils in an 
undersea environment can be very poor due to the conductivity of seawater. To improve the power-transfer 
efficiency, the magnetic flux generated by the transmitting coil can be better concentrated through the receiv-
ing coil by careful geometric placement of ferrite materials. In this report, various ferrite configurations were 
evaluated using Computer Simulation Technology, and several high performance models were selected for 
construction and laboratory testing. The measured data collected in the laboratory are in good agreement with 
the simulation results, which indicate that the laboratory model and circuit closely adhered to the physical and 
electrical parameters of the simulation. This also underscores CST’s usefulness for continued work in the field.




MAXIMUM POWER POINT TRACKING OF A PHOTOVOLTAIC SYSTEM 
UTILIZING AN INTERLEAVED BOOST CONVERTER
James Topping–Major, United States Marine Corps
Master of Science in Electrical Engineering
Advisor: Giovanna Oriti, Department of Electrical and Computer Engineering
Co-Advisor: Alexander Julian, Department of Electrical and Computer Engineering
Over the last several years, the Department of Defense has focused on conserving energy in order to enhance 
its combat capabilities. Renewable energy technologies, such as wind, solar, biomass, and others, have been ex-
plored so that the military can reduce its reliance on fossil fuels and improve its operational range. One of the 
components to this effort is solar photovoltaic (PV) technology. The purpose of this thesis is to demonstrate 
the importance of using a maximum power point tracking (MPPT) algorithm to ensure that a PV system 
provides the most energy possible. Moreover, two different MPPT algorithms are presented in this thesis. An 
interleaved boost converter controls the flow of power to a load and a 24-volt source. Also, it regulates the 
PV panel’s voltage and current so that the panel may operate at its maximum power point. A complete model 
of the solar panel, boost converter, and control algorithms was created in Simulink in order to validate the 
system in simulation. The control algorithms were implemented using a field-programmable gate array so that 
the actual system could be tested and compared against the simulation. Experimental measurements validate 
the model and demonstrate that the MPPT algorithms perform as expected.
Keywords: solar, photovoltaic, maximum power point tracking, MPPT, interleaved boostconverter, Xilinx, 
field-programmable gate array, perturb and observe, incremental conductance
PROTON IRRADIATION-INDUCED METAL VOIDS IN GALLIUM 
NITRIDE HIGH ELECTRON MOBILITY TRANSISTORS
Michael Wade–Captain, United States Marine Corps
Master of Science in Electrical Engineering
Advisor: Todd Weatherford, Department of Electrical and Computer Engineering
Co-Advisor: Petra Specht, University of California at Berkeley
Gallium nitride/aluminum gallium nitride high electron mobility transistors with nickel/gold (Ni/Au) and 
platinum/gold (Pt/Au) gating are irradiated with 2 MeV protons. Destructive physical analysis revealed mate-
rial voids underneath the gate finger of the device. These voids, which are not found in fresh devices, cause a 
decrease in effective gate contact area, ultimately degrading the device performance and reliability. Scanning 
transmission electron microscopy images and respective line scans of the gate-foot area-of-concern confirm 
that voids were present. The gate-finger’s silicon nitride passivation layer and Au metallization layer were 
removed via focused ion beam stripping in order to analyze the gate electrode Ni or Pt layers for defects. 
Scanning electron microscopy images revealed voids along the gate finger edge and circular voids in the gate 
finger’s length that contribute to the device’s reduction in parameter performance. The current hypothesis is 
that the Ni or Pt voiding is a result of the Kirkendall effect. The effect is seen in the energy dispersive spec-
troscopy analysis, where Ni has migrated into the Au layer. A model was developed to predict void sizes versus 
dose and validated using data on dislocation density.
Keywords: radiation, Kirkendall effect, high electron mobility transistor, electron microscopy
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MODEL DEVELOPMENT FOR WIRELESS PROPAGATION 
IN FORESTED ENVIRONMENTS
Jesus Zegarra–Lieutenant Junior Grade, Peruvian Navy
Master of Science in Electrical Engineering
Advisor: David Jenn, Department of Electrical and Computer Engineering
Second Reader: Phillip Pace, Department of Electrical and Computer Engineering
Wireless propagation modeling is a necessary task in the design of countless applications. Wireless signals at-
tenuate at different rates according to the propagation environment. Given that vegetation is an unavoidable 
feature for most outdoor wireless channels, propagation models in forested environments are in high demand. 
The characterization of radio waves propagating through foliage is particularly complex due to the random 
characteristics of the channel. This research is focused on the development of three radiowave propagation 
models in forested environments. Field tests were performed at 2.4 GHz for the case where both the trans-
mitting and receiving antennas are immersed in foliage. The propagation loss added by the forest component 
was estimated from the sets of measurement data, and an empirical model was created to forecast it. Also, 
electromagnetic properties of the medium were estimated and used in the investigation of a two-layered ho-
mogeneous model (ground and foliage). A dielectric slab representing the forest was modeled using an electro-
magnetic field simulation application. Results from the empirical and analytical model show good agreement 
with the measured data. These findings bear direct relevance on radiowave propagation through foliage and 
provide useful information for accurate design of the link budget for similar scenarios.




DIRECTION FINDING USING MULTIPLE MEMS ACOUSTIC SENSORS
The following paper has been recognized as outstanding by its department.
Daniel Wilmott–Lieutenant Commander, Royal Canadian Navy
Master of Science in Engineering Acoustics
Advisor: Gamani Karunasiri, Department of Physics
Co-Advisor: Fabio Alves, Department of Physics
A microelectromechanical direction-finding sensor has been developed based on the mechanically coupled 
ears of the Ormia ochracea fly. Previous designs determined the direction of sound relative to the normal of 
the sensor by using the sound pressure level at the sensor. However, these designs suffered from a left-right 
ambiguity. To overcome these shortcomings, a dual sensor assembly was created. Two sensors co-located at 
an offset angle allow direction finding across 120°. This eliminated ambiguous angles and the requirement 
for a sound pressure level. For this study, the dual sensor assembly was fabricated using two custom circuit 
boards powered by a 9V battery and arranged on a 3D-printed mount. The resonant frequency of the sensors 
produced a 260 V/Pa output at 1.690 kHz ± 20 Hz. Experimental work was done in an anechoic chamber, and 
outputs were captured using lock-in amplifiers. The angle error ranged from less than 0.3° close to the normal 
axis (0°) to 3.4° at the limits of coverage, ± 60°. The outcome of this research is that it is possible to operate 
this microelectromechanical direction-finding sensor assembly to find the bearing of a signal on resonance 
over an angular range of 120° with a maximum uncertainty of 3.4°.
Keywords: MEMS, direction finding, Ormia ochracea, acoustic sensor, coupled oscillator
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Second Reader: Christian Smith, Department of Operations Research
My aim is to present a view on how military creativity and innovation occur—a view that draws on four lines 
of creativity research. This thesis explores if factors found to influence creativity in this wide field of research 
can help explain military innovation. Although creativity research has roots in the military, it currently follows 
a different path than military innovation studies. While the creativity research drinks from a well of knowl-
edge shared by the fields of psychology, neuroscience, organizational behavior, education, management, and 
so forth, the authors of military innovation studies develop concepts and theories in relative isolation. The 
thesis uses a descriptive case study approach, and formulates a theoretical framework to describe the condi-
tions that set the stage for creativity and innovation onboard the USS Nimitz. Guided by the framework, this 
case study shows that there are strong forces in the Navy resisting change and defending the status quo. Still, 
it is possible to outmaneuver the hierarchy and bring ideas and suggestions straight to the commanding of-
ficer’s attention. Faced with a rigid, conservative culture, USS Nimitz managed to create a climate of intrinsic 
motivation in which individuals believed their ideas could make a difference and acted on those beliefs.
Keywords: human systems integration, creativity, innovation, military, Navy, USS Nimitz, case study
DEPLOYMENT RELATED RISK OF INCIDENT MENTAL HEALTH 
CONDITIONS AMONG AEROMEDICAL EVACUATION CREWMEMBERS
Jennifer Howland–Captain, United States Air Force
Master of Science in Human Systems Integration
Advisor: Lawrence Shattuck, Department of Operations Research
Second Reader: Meghan Kennedy, Department of Operations Research
Post-deployment mental health (PDMH) diagnoses have increased in the military community since the start 
of Operation Iraqi Freedom and Operation Enduring Freedom. To date, only one study has focused on the 
United States Air Force (USAF) medical community. In 2014, the USAF Surgeon General requested addition-
al research on the entire USAF medical community to explore the assumption that continuous exposure to 
combat wounds increases the medical community’s risk of having certain mental health conditions. In support 
of the 711th Human Performance Wing, this study aims to analyze the PDMH of the Aeromedical Evacuation 
(AE) community. This study found that (1) the AE population had a lower diagnosis rate than the non-AE 
population, (2) lower experience levels did not contribute to an increased diagnosis rate, (3) the diagnosis rate 
was not dependent on number of deployments completed, (4) the diagnosis rate for both female and male 
AE crewmembers was essentially the same, (5) of participants with a pre-existing condition, only 10% more 
sought medical attention for more mental health conditions post-deployment than they did pre-deployment, 
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and (6) participants diagnosed with a PDMH condition had a higher Holmes-Rahe Life Stress score than their 
undiagnosed counterparts.
Keywords: Aeromedical Evacuation, post-deployment mental health, flight nurse, aeromedical evacuation 
technicians
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DATA SUPPORTING MOBILE APPLICATION DEVELOPMENT FOR 
USE WITHIN THE MARINE AIR-GROUND TASK FORCE
Jesse Adkison–Captain, United States Marine Corps
Master of Science in Information Technology Management
Advisor: John Gibson, Department of Computer Science
Co-Advisor: Charles Prince, Department of Computer Science
Second Reader: Douglas MacKinnon, Department of Information Sciences
The United States Marine Corps has identified a need to provide handheld devices to allow operators to 
conduct wireless command and control-related functions. To fulfill this need, the Marine Corps initiated a 
program that aims at providing secure cellular communication capabilities down to the individual Marine to 
address gaps in existing command and control systems. Common wireless communication technologies that 
are typical within the average enterprise entity, such as text, email, and file sharing, among many others, do 
not exist on an individual level within the Marine Corps. One of the next steps in advancing the implementa-
tion of handheld devices is to map requirements for information exchange to mobile device applications. This 
thesis accomplishes this mapping and identifies the application space where trusted devices offer the greatest 
potential for benefit to the Marines of the Major Subordinate Elements. While a suite of approved applications 
for military use may become available in the future, the initial applications for trusted devices can accomplish 
the needs for many users, thereby maximizing the utility of these devices in the short term.
Keywords: mobile device, mobile application, Marine Corps, Information Exchange Requirements, Marine 
Air-Ground Task Force, trusted handheld, IER, MAGTF, TH2
INNOVATIVE DECENTRALIZED DECISION-MAKING 
ENABLING CAPABILITY ON MOBILE EDGE DEVICES
John Dickens–Major, United States Marine Corps
Dean Dukes–Captain, United States Marine Corps
Master of Science in Information Technology Management
Advisor: Dan Boger, Department of Information Sciences
Second Reader: Arkady Godin, Department of Information Sciences
Hardware and software limitations found in legacy communications equipment organically assigned to the 
edge users are unable to meet the ever-increasing information exchange requirements. The computational 
and throughput capability in current fielded communication systems are unable to keep pace with the ever-
increasing, bandwidth intensive information exchange requirements. Expeditionary units at the tactical edge 
are forced to rely on external personnel and equipment to overcome the existing capabilities gap in order to 
remain agile and highly responsive, and to achieve shared operational picture. The purpose of this study was 
to analyze the requirements and feasibility of adapting a local cloudlet model for enabling mobile application 
deployment and data dissemination capability to Marine units in an expeditionary environment. An empirical 
analysis comparing current systems requirements to the cloud model system requirements was performed. 
Additionally, an evaluation was conducted on the impact of mature technologies from academia, govern-
ment, and commercial research onto availability of local cloudlet at the tactical edge. The significance of the 
aforementioned analysis and evaluation determined the local cloudlet model provided an operationally viable 
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alternative to the current method of information sharing in edge organizations. This study should prompt the 
Marine Corps to invest in further research.
Keywords: decentralized, decision-making, edge, mobile devices
OPTIMIZING THE MOBILIZATION OF WIRELESS COMMUNICATIONS 
SYSTEMS FOR DISASTER RESPONSE EFFORTS
Malcolm Mejia–Civilian, Department of the Navy
Master of Science in Information Technology Management
Advisor: Douglas MacKinnon, Department of Information Sciences
Second Reader: John Gibson, Department of Computer Science
Hastily formed network (HFN) deployment teams provide critical services to disaster areas. The coordination 
and control systems they deploy save lives and valuable property. It is critical that HFN deployment teams 
work quickly and effectively so that the widest range of services can be distributed throughout the widest 
geographical area. The Military Wireless Communications Research Group and the Hastily Formed Networks 
Group at the Naval Postgraduate School recently supported the California Department of Forestry and Fire 
Protection response to a wildfire in Mendocino County, California, successfully deploying a portable coor-
dination and control system, including both wired and wireless capabilities, in support of fire management. 
During the deployment, there was a lack of inventory control and a very limited ability to share instructions 
for configuring equipment. If not corrected, these problems can reoccur, potentially affecting the team’s 
ability to deploy effectively. This research describes options for developing process improvement strategies 
based on organizational design as a framework for systematic process evaluation and improvement. Observ-
ing, documenting, and improving processes allow the team to improve and become more effective with every 
deployment.
Keywords: hastily formed networks, disaster relief, inventory control, instructional design, organizational 
design
UNMANNED TACTICAL AUTONOMOUS CONTROL AND 
COLLABORATION CONCEPT OF OPERATIONS
The following paper has been recognized as outstanding by its department.
Thomas Rice–Major, United States Marine Corps
Erik Keim–Major, United States Marine Corps
Tom Chhabra–Major, United States Marine Corps
Master of Science in Information Technology Management
Advisor: Dan Boger, Department of Information Sciences
Co-Advisor: Scot Miller, Department of Information Sciences
There is a perceived problem in Marine Corps tactical units regarding technological advancements and cogni-
tive load; specifically, the almost infinite flow of new information on the modern battlefield is overtaxing the 
human brain. The development of Unmanned Tactical Autonomous Control and Collaboration (UTACC), an 
alternative warfare concept, could clarify the relationship between technological advancements and cognitive 
load. UTACC’s purpose is to enhance mission accomplishment while simultaneously reducing the cognitive 
load on the Marine through collaborative autonomy. This thesis developed a UTACC Concept of Operations 
that captured the logic, sequencing of operational activities, and initial information exchange requirements 
for a Marine Corps Warfighting Laboratory provided scenario. Addressing the complexity of UTACC also 
required an in-depth analysis of collaborative autonomy, human system integration factors, and decision sup-
port. This research finds that, in the early stages, UTACC could be most effective as a scalable decision sup-
port tool that automates routine planning processes, improving the efficiency of the small tactical unit. Addi-
65
INFORMATION TECHNOLOGY MANAGEMENT
tionally, this research discovers areas for future work, three of which are: measuring capability gaps, common 
operational picture management/fusion, and security.
Keywords: collaborative autonomy, autonomy, collaboration, decision support, planning process, human 
systems interaction, human robotic interaction, unmanned tactical autonomous control and collaboration, 
UTACC
PROSPECTS OF BIOMETRICS AT-A-DISTANCE
Robert Schulz–Captain, United States Marine Corps
Master of Science in Information Technology Management
Advisor: Alex Bordetsky, Department of Information Sciences
Second Reader: Steve Mullins, Department of Information Sciences
The purpose of this thesis was to determine if biometric methods enabled users to collect biometric data 
from a subject, at a distance. The Secure Electronic Enrollment Kit (SEEK) and a 3D Wireless Facial Rec-
ognition Binoculars prototype were studied to determine if an at-a-distance capability existed and if such a 
capability would be useful to the tactical user. The SEEK was studied because of its current employment as 
a biometric collection system. The 3D binoculars were studied because they claim true at-a-distance capabili-
ties. Experimentation with the SEEK provided no evidence supporting an at-a-distance capability; however, 
modifications to system configurations enabled the SEEK to transmit data captured on-site to databases for 
identification over a Mobile Ad-hoc Network. This finding allowed users to collect and identify individu-
als on-site, eliminating the need to return to a hardwired location to upload data. The 3D facial recognition 
binocular system reviewed in this thesis is designed to enable users to conduct facial recognition at a distance 
to provide a covert, biometric collection method without the need for a cooperative subject. This technology 
could provide the at-a-distance capability needed by a tactical user.
Keywords: biometrics, standoff biometric collection, biometrics at-a-distance, biometrics collection, biomet-
rics in a tactical, austere environment
FRAMEWORK FOR EVALUATING LOOP INVARIANT DETECTION GAMES 
IN RELATION TO AUTOMATED DYNAMIC INVARIANT DETECTORS
Mehmet Yilmaz–Captain, Turkish Army
Master of Science in Information Technology Management
Advisor: Geoffrey Xie, Department of Computer Science
Second Reader: Glenn Cook, Department of Information Sciences
Software has a huge and negative impact on the economy. Formal verification is an effective method to check 
if a piece of software contains certain kinds of errors. Defense Advanced Research Projects Agency started the 
Crowd Sourced Formal Verification (CSFV) program to propose a new model for formal verification by using 
five online games. CSFV aims to explore whether an online game player with no formal verification expertise 
can achieve formal verification more efficiently than through conventional processes. We observe that, cur-
rently, no quality criteria exist to measure CSFV gamers’ efforts. The study suggests that machine detectability 
of a solution detected by a gamer indicates poor quality for that solution. The solutions in one of the games, 
StormBound, were selected for examination. An automated tool was developed to check the machine detect-
ability of the solutions, and 78 percent of the assertions were seen to be machine detectable.
Keywords: crowdsourcing, software security, fuzzing, formal verification, automated loop invariant detection, 
loop invariant analysis, parser, Haskell language
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Advisor: Phillip Pace, Department of Electrical and Computer Engineering
Second Reader: Steven Iatrou, Department of Information Sciences
This paper investigates the design of an interferometric direction finding receiver using photonic components 
for signal mixing and a multi-layer perceptron for data analysis. The complete system was tested with a 2.4 
GHz continuous signal in an anechoic chamber. Test results showed that the compact antenna and receiver 
design was capable of measuring direction of arrival with 1° resolution over a 180° field of view while keeping 
mean error below 0.5°. It was also demonstrated that the design is insensitive to phase alignment of receiver 
channels, thus simplifying future receiver design. Improvements were recommended for a design theoretically 
capable of providing 0.25° angle resolution.
Keywords: direction finding, DF, artificial neural network, ANN, multi-layer perceptron, MLP, photonics, 
modulator, MZM, Mach-Zehnder, direction of arrival, DOA
A NETWORK DESIGN APPROACH TO COUNTERING TERRORISM
Linus Torner–Captain, Swedish Army
Master of Science in Information Warfare Systems Engineering
Advisor: Sean Everton, Department of Defense Analysis
Second Reader: Steven Iatrou, Department of Information Sciences
Several recent terrorist attacks in Western countries have highlighted the need for strategies to disrupt dark 
networks, and social network analysis (SNA) has proven to be a useful tool for analyzing network structure 
and identifying weaknesses, based on empirical data. But there are several other factors to consider, and by 
taking a network design approach, a better understanding can be gained of how networks function and what 
makes them successful. This thesis applies a conceptual network design approach, together with SNA, in a 
comparative case study where performance of historical terrorist networks is examined to find recommenda-
tions for future counter-terrorism efforts. The conclusion is that design matters; results depend on how well 
networks are configured for the specific environment, and the network design approach can be used together 
with SNA to identify vulnerabilities for exploitation. Networks require a balanced configuration to perform 
well; studying several endogenous and exogenous factors can help counter-terrorism services remove that 
balance for terrorist networks, and design their own networks to be as efficient as possible. To be successful, 
counter-terrorist organizations must out-design the terrorist networks.
Keywords: terrorism, social network analysis, information operations, network warfare
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DESIGN AND CONSTRUCTION OF A THERMAL CONTACT RESISTANCE 
AND THERMAL CONDUCTIVITY MEASUREMENT SYSTEM
The following paper has been recognized as outstanding by its department.
Christopher Deigel–Lieutenant, United States Navy
Mechanical Engineer and Master of Science in Mechanical Engineering
Advisor: Sanjeev Sathe, Department of Mechanical and Aerospace Engineering
Second Reader: Garth Hobson, Department of Mechanical and Aerospace Engineering
This study was aimed to develop an accurate thermal contact resistance and thermal conductivity measure-
ment system that is simple enough to be constructed and operated by multiple users. A method based on Fou-
rier’s Law of Conduction was developed. The purpose of this device is to analyze component interfaces and 
advanced material applications within the Department of Defense’s energy systems to improve fuel efficiency 
and performance. Comprehensive details of the design, construction, and operation of the experimental de-
vice are presented. Challenges included maintaining one-dimensional conduction, uniformity of temperature 
distribution, control of heat loss, and sample-to-plate interface resistance control. Numerical heat transfer 
and uncertainty analyses with applied engineering judgement were extensively used to develop an optimized 
design and construction method that guaranteed high accuracy and replicability. Accurate measurements are 
demonstrated by analyzing Pyroceram 9606 and 99.8% Alumina reference samples. Results indicated capabil-
ity to measure thermal conductivity from 0.1 to 40 W/m-K with respective accuracy within 3–6.5%. Ability to 
reduce result uncertainty within 10% was achieved. Replicability analysis indicated reproducible results within 
6% for different users. Recommendations are provided for experimental research utilizing the proposed mea-
surement system addressing current heat transfer issues facing the Department of Defense.
Keywords: thermal contact resistance, thermal conductivity, measurement system
IMPLEMENTATION OF SIMULINK CONTROLLER DESIGN ON IRIS+ QUADROTOR
Wei Zhong Fum–Civilian, Defence Science and Technology Agency, Singapore
Master of Science in Mechanical Engineering
Advisor: Vladimir Dobrokhodov, Department of Mechanical and Aerospace Engineering
Second Reader: Noel Du Toit, Department of Mechanical and Aerospace Engineering
The thesis has two primary objectives. First, it develops a high-fidelity 6DOF flight dynamics model of a 
multi-copter UAV, and uses it for the design and implementation of the linear attitude controller onboard an 
industrial quadcopter; both steps are implemented in Simulink. Second, it leverages the weakly joint efforts 
of MathWorks and the open-source community to build a software setup that enables rapid control software 
prototyping. This software architecture enables control system design and integration without the need for 
proficiency in embedded coding that typically utilizes high-level programming languages like C/C++. The 
higher impact of the dual objective is in advancing methods and tools of verifiable control system design and 
the embedded code generation that simplifies the V&V process. The 3DR Iris+ quadrotor, equipped with 
PX4 Pixhawk autopilot, is selected as the primary prototyping platform. The autopilot allows for the real-time 
execution of an application (attitude controller) that is auto-generated from MatLab/Simulink. This makes the 
Iris+ quadrotor an ideal platform for rapid flight control prototyping by using MathWork’s auto code genera-
tion capability. Ultimately, the developed setup represents a convenient research and development tool that 





natively bridges the gap between the safety-critical flight control science and flight experimentation technol-
ogy by eliminating the error-prone manual coding of embedded microcontrollers.
Keywords: quadrotor, 6DOF modeling, rapid control software prototyping, control algorithms
CHARACTERIZATION OF MICRON-SCALE NANOTUBULAR 
SUPER DIELECTRIC MATERIALS
The following paper has been recognized as outstanding by its department.
Jonathan Gandy–Lieutenant Commander, United States Navy
Mechanical Engineer and Master of Science in Mechanical Engineering
Advisor: Jonathan Phillips, Department of Physics
Co-Advisor: Sarath Menon, Department of Mechanical and Aerospace Engineering
This research is part of an ongoing program of study focused on dielectric materials based on a novel hypoth-
esis: that porous electrically insulating solids in which the pores are filled with liquids containing an ionic spe-
cies (such as water with dissolved salt) will have very high dielectric values by virtue of the separation of ions 
in the liquid phase and concurrent formation of large dipoles. Earlier work focused on the creation of super 
dielectric materials by saturating porous electrically insulating powders, such as alumina, with salt solutions. 
The focus of the present work is the characterization and evaluation of capacitors based on a novel dielectric: 
titanium dioxide nanotube arrays created by anodization and filled with a concentrated aqueous salt solution. 
Capacitors made up of this so-called nanotubular super dielectric material were found to have extreme dielec-
tric constants, greater than one billion. The same capacitors also registered unprecedented energy densities, 
consistently greater than 400 joules per cubic centimeter, which is more than ten times the best commercial 
supercapacitors. Sufficient data was collected to propose a correlation relating dielectric thickness, salt concen-
tration, and electrode surface area to overall energy density.
Keywords: capacitor, supercapacitor, super dielectric material, titanium dioxide, nanotubes
OPTIMAL SUPER DIELECTRIC MATERIAL
Natalie-Rose Jenkins–Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Jonathan Phillips, Department of Physics
Co-Advisor: Young Kwon, Department of Mechanical and Aerospace Engineering
The results of this study establish that powder-based super dielectric materials (SDM) are a large family of 
porous, electrically insulating materials filled to the point of incipient wetness (paste consistency) with liquids 
containing dissolved ions. This work studied the dielectric behavior at low frequency of four different high 
surface area, porous, refractory oxides: two alumina materials, one silica, and one fumed silica, filled with 
aqueous solutions containing one of two salts (NaCl or NH4Cl). All were found to have dielectric constants 
greater than 109. This strongly supports the fundamental hypothesis of SDM: In the presence of an electric 
field, any electrically insulating, porous material containing liquid with dissolved ionic species will form large 
dipoles, polarized opposite the applied field. Large dipole SDM placed between the electrodes of a parallel 
plate capacitor will reduce the net field to an unprecedented extent. This family of materials can form materi-
als with dielectric values orders of magnitude greater than any material previously studied (ca. 104 BaTiO3). 
Moreover, this study establishes that the identity of the porous insulating media can greatly impact the dielec-
tric constant,109 alumina, 1011 fumed silica. One implication of these results is that SDM can potentially be 
optimized to create capacitors with unprecedented energy density.
Keywords: capacitor, supercapacitor, super dielectric material
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MECHANICAL ENGINEERING
THE EFFECT OF APPLIED TENSILE STRESS ON LOCALIZED 
CORROSION IN SENSITIZED AA5083
Roy Johnston–Lieutenant, United States Navy
Master of Science in Mechanical Engineering
Advisor: Sarath Menon, Department of Mechanical and Aerospace Engineering
Co-Advisor: Luke Brewer, Department of Mechanical and Aerospace Engineering
This thesis describes significant changes in the type and degree of localized corrosion for sensitized AA5083 
under an applied tensile stress. AA5083 is an aluminum-magnesium alloy that experiences severe intergranu-
lar corrosion and intergranular stress corrosion cracking if sensitized. In this research, AA5083-H116 plates 
were cut into bend-bar samples along both the rolling and transverse directions, and then sensitized to two 
different levels using laboratory heat treatments of 7 and 30 days at 100°C. The sensitized samples were sub-
jected to elastic tensile loading using a 4-point bend rig while being exposed to a 0.6 molar saltwater solution. 
Electrochemical polarization was performed on the tensile regions of the samples while under applied stress. 
Potentiodynamic scans showed that although sensitization causes the most change in electrochemistry, stress 
does shift the Tafel plot to be more stable when comparing the values for open circuit potential, but reduces 
the pitting potential of the passivating oxides. Confocal microscopy showed that samples with applied tensile 
stress produced a much higher density of localized corrosion, including pitting and intergranular corrosion, 
than samples without applied tensile stress. The degree of corrosion damage was slightly higher for samples 
loaded in the transverse direction compared to samples loaded in the longitudinal direction.
Keywords: aluminum alloy, AA5083, IGSCC, intergranular stress corrosion cracking, localized corrosion, 
sensitized aluminum
OPTIMIZATION OF AIMPOINTS FOR COORDINATE-SEEKING WEAPONS
Wei Sheng Eugene Lee–Civilian, Singapore Technologies Engineering (Kinetics)
Master of Science in Mechanical Engineering
Advisor: Morris Driels, Department of Mechanical and Aerospace Engineering
Second Reader: Christopher Adams, Department of Mechanical and Aerospace Engineering
The objective of this thesis was to develop a program that makes use of three types of damage functions to 
optimize the weapon aimpoints of multiple coordinate-seeking weapons against a unitary target in order to 
achieve the highest probability of damage (PD). A MATLAB program was used as the coding tool for the de-
velopment of this algorithm and the optimization process. The program works by first taking in the number of 
weapons used and arranging them in a fixed, uniform spacing on a circle centered on the assumed target loca-
tion. Then, the weapon characteristics such as the radius of the circle containing the weapon aimpoint, impact 
angle, dependent (aiming) and independent (ballistic) errors are taken into account, before utilizing each of 
the three damage functions representing the weapon. A Monte-Carlo simulation method is used to calculate 
the PDs at incremental radii of weapon placements from the target. Since the damage functions differ in terms 
of fidelity (accuracy), a comparison in terms of optimal aimpoint radius for the highest PD is made for the re-
sults generated for all three damage functions. The simulated results demonstrated that the optimal aimpoint 
radii for the maximum PD are slightly different for each damage function. In addition, the maximum PD at 
the optimal aimpoint radius generated for each damage function is lowest for a damage function that has the 
greatest fidelity (accuracy), which is consistent with the calculated results for single weapons against unitary 
targets. Also as expected, generating a PD using a higher fidelity damage function takes a longer time than 
that of a lower fidelity damage function. As such, the user of this program has to take into account the ac-
curacy requirements and time limitations before selecting the damage function to be used to generate the PD.
Keywords: Carlton damage function, rectangular damage function, lethal area matrix, Monte-Carlo simula-
tion, probability of damage, coordinate-seeking weapon, dependent error, independent error, aimpoint radius
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AN ANALYSIS OF A DEVELOPING AND NON-DEVELOPING 
DISTURBANCE DURING THE PREDICT EXPERIMENT
Thomas Freismuth–Lieutenant, United States Navy
Master of Science in Meteorology and Physical Oceanography
Advisor: Michael Montgomery, Department of Meteorology
Second Reader: Qing Wang, Department of Meteorology
An analysis is presented of the failed re-development of ex-Gaston and the development of Karl during the 
2010 PREDICT field campaign based on the European Centre for Medium RangeWeather Forecast analyses. 
This study analyzes the flow kine-matics and dynamics of ex-Gaston to investigate the role of dry, environ-
mental air in the failed redevelopment. The findings support the hypothesis that entrained, dry air near 600 
hPa thwarted convective updraughts and vertical mass flux, which in turn leads to a reduction in vorticity and 
a compromised pouch at these middle levels. A compromised pouch allows further intrusion of dry air and 
inhibits vorticity amplification. This study supports recent work investigating the role of dry air in moist con-
vection during tropical cyclogenesis. The circulation and vorticity dynamics of Karl are used to describe the 
system-scale spin-up within the marsupial paradigm frame-work. The circulation tendency shows that Karl 
underwent periods of spin-up and spin-down until its eventual development on 14 September. These spin-up 
and spin-down episodes correspond with the cycle of convective activity in the Caribbean. The development 
process is concomitant with recent work describing the genesis and intensification process in developing tropi-
cal cyclones.
Keywords: tropical cyclogenesis, hurricanes, PREDICT, tropical storms, marsupial paradigm
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INVESTIGATION OF COORDINATION ALGORITHMS FOR 
SWARM ROBOTICS CONDUCTING AREA SEARCH
Dylan Lau–Civilian, Defence Science and Technology Agency, Singapore
Master of Science in Modeling, Virtual Environments, and Simulation
Advisor: Timothy Chung, Department of Systems Engineering
Co-Advisor: Duane Davis, Cyber Academic Group
This master’s thesis developed an operational coordination controller for enabling sensor-based coverage 
algorithms for large-scale swarm unmanned aerial vehicles (UAVs). The prototype controller was validated by 
live-fly field experiments of swarm UAVs carried out in Naval Postgraduate School’s (NPS’s) field laboratory at 
Camp Roberts. The proliferation of hobbyist drones, or UAVs, in recent times has presented the opportunity 
to field large-scale swarm UAVs. A coordinated swarm of UAVs can prove useful in a surveillance or search 
mission by rapidly covering the area through data collection from multiple vantage points simultaneously. 
This thesis designed and implemented an onboard swarm search controller that coordinates the swarm for 
an autonomous area search with different coverage algorithms. The coverage algorithms are evaluated with 
simulation and validated by live-fly field experiments.
Keywords: aerial surveillance, collective robotics, swarm intelligence, swarm search
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PROJECTING NAVY OFFICER INVENTORY WITH DATA FARMING
Erin Borozny–Lieutenant Commander, United States Navy
Master of Science in Operations Research
Advisor: Samuel Buttrey, Department of Operations Research
Second Reader: Thomas Lucas, Department of Operations Research
The Officer Strategic Analysis Model (OSAM) is a powerful entity-based, time-stepped simulation model 
that takes into account actual officer inventory and allows the application of several types of annual person-
nel plans and force-shaping policy to project officer end strength and composition. This thesis determines if 
OSAM can be modified from its current deterministic version to be a valuable tool for the Navy’s Strategic 
Resourcing Branch (N100) officer strength planning. This research utilizes experimental design and data 
farming techniques to grow big data via a stochastic modification of OSAM and applies proven methods of 
statistical analysis to explore the interactions between natural losses, accession methods, and forced losses. 
Using analysis of variance and regression tree modeling, the standard deviation from the mean end strength 
is found to be heavily dependent upon accession method and simulation year.
Keywords: data farming, big data, design of experiments, manpower, officer inventory, manning projection, 
end strength, simulation
DENSITY DECONVOLUTION WITH EPI-SPLINES
James Carbaugh–Lieutenant, United States Navy
Master of Science in Operations Research and Master of Science in Applied Mathematics
Advisor: Johannes Royset, Department of Operations Research
Co-Advisor: Wei Kang, Department of Applied Mathematics
Second Reader: Samuel Buttrey, Department of Operations Research
Analysts tasked with developing probability density estimates may obtain data in sets of varying quality and 
quantity. Often, low-fidelity data contaminated with measurement error, or noise, may be abundant, but the 
cost of obtaining data free of these errors will limit the amount of high-fidelity data available. In such a sce-
nario, the problem is to identify an estimate of a probability density function given scarce high-fidelity obser-
vations, knowledge of measurement errors, abundant noisy data, and available user knowledge of the density 
apart from empirical data. We solve this rich class of deconvolution problems through constrained optimiza-
tion with first-order epi-splines, which are used for the first time to approximate densities to an arbitrarily 
high level of precision.We limit our scope to univariate densities where measurement errors are homoscedastic. 
Demonstrations come from a benchmark from the literature, historical medical data, and a scenario in uncer-
tainty quantification in fluid dynamics. Results show that deconvolution via epi-splines is viable, comparable 
with a widely available deconvolution method, and shows potential for savings in resource budgets for data 
collection.
Keywords: deconvolution, probability density estimation, epi-splines, optimization, functional approxima-
tion, non-parametric statistics, uncertainty quantification
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PRESERVING LOGISTICAL SUPPORT FOR DEPLOYED BATTLE GROUPS 
IN AN ANTI-ACCESS, AREA DENIAL (A2AD) ENVIRONMENT
Brian Colburn–Lieutenant Commander, United States Navy
Master of Science in Operations Research
Advisor: Emily Craparo, Department of Operations Research
Second Reader: W. Matthew Carlyle, Department of Operations Research
The U.S. Navy’s at sea replenishment system is a mobile supply line designed to support the deployed Carrier 
Task Force (CTF)/Cruiser/Destroyer (CRUDES) Surface Action Group (SAG) and forward deployed units 
while at sea. In the 7th Fleet area of responsibility, the main component of the mobile supply line, the Combat 
Logistics Force (CLF) ship, has become a possible target with the development of the anti-ship ballistic missile 
(ASBM). With the ability to target and disable a CLF with an ASBM, an enemy can now disable a deployed 
CTF/CRUDES fleet by eliminating its required replenished resources, rendering it combat ineffective and 
more vulnerable to attack. With the goal of preserving the CLF’s capabilities to perform its mission while not 
subjecting it to an ASBM threat, we consider the possibility of utilizing a mini-CLF to shuttle fuel between 
CLFs operating in a safe environment and warships operating in a threat zone. The alternatives this thesis 
examines are: (1) analyze the feasibility of using Littoral Combat Ship/Joint High-Speed Vessel, reconfigured 
as shuttles, to transport underway replenishment requirements from the CLFs to the CTF/CRUDES fleet 
while deployed in the Western Pacific, and (2) analyze requirements for development of a new class of ships to 
support the CTF/CRUDES SAG while deployed in the Western Pacific.
Keywords: Combat Logistics Force, CLF, shuttle ship, logistics planning factors, underway replenishment, 
distributed lethality, distributed logistics, anti-access area denial, naval logistics, optimization
INVESTIGATING NAVY OFFICER RETENTION USING DATA FARMING
Aurel DeHollan–Lieutenant, United States Navy
Master of Science in Operations Research
Advisor: Samuel Buttrey, Department of Operations Research
Second Reader: Thomas Lucas, Department of Operations Research
The allocation of nearly 30% of the Navy’s budget to personnel costs, and the importance of manning fleet 
requirements to maintain operational readiness, create a critical need for the Navy to effectively manage the 
size of the force. The Navy’s personnel planners use the Officer Strategic Analysis Model (OSAM) to project 
officer end-strength based on policies, plans, and historical loss rates. The application of data farming to this 
model allows for investigation of different scenarios that can provide insight into both the behavior of the 
model and the behavior of the officer corps under various conditions. This study uses Design of Experiments 
techniques to develop and implement an experimental design that determines the degree of stochastic varia-
tion in OSAM and explores the effect of a three-year period of poor retention of Unrestricted Line  officers 
in paygrades O3 through O6. Analysis of results across multiple replications of a single design point indicate 
that OSAM produces very little stochastic variation. Regression modeling of the results allows planners to 
accurately and precisely predict the effect of this poor retention scenario on specific groups. This predictive 
capability provides the opportunity for proactive approaches to solving potential retention problems.
Keywords: manpower, data farming, design of experiments, retention, simulation
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MAP CLASSIFICATION IN IMAGE DATA
Frank Fiebiger–Major, German Army
Master of Science in Operations Research
Advisor: Mathias Kölsch, Department of Computer Science
Second Reader: Samuel Buttrey, Department of Operations Research
The digital era has led to an unprecedented increase in the amount of information available, of which an es-
sential part is represented by visual data. The data forensics community asks for machine solutions to face the 
proliferation of image data. This thesis addresses the specific problem of distinguishing two-dimensional map 
images from other image content by examining two computational methods: Convolutional Neural Networks 
(CNNs) and Bag of Words (BOW). No information about current automated solutions for the mentioned task 
is available. The CNN used in this research consists of 60 million parameters and 650,000 neurons in eight 
weighted layers, is pre-trained on 1,000 classes, and provides an immense learning capacity. The BOW method 
uses a visual vocabulary, constructed by clustering higher-level image information, to classify unknown im-
ages by comparing their contained visual words with a content-specific vocabulary of a classifier. Both meth-
ods are evaluated in terms of recall and precision, or percentage of correctly and incorrectly classified images. 
The data collection consists of 1,200 map images called positives, subdivided into four sub-classes, and an 
additional 1,200 images without map content, called negatives. Results with a recall up to 99.17% and cor-
responding precision up to 97.01% support the idea of implementing CNN and BOW as the backbone of a 
computer-based classification application.
Keywords: map, classification, bag of words, BOW, convolutional neural network, CNN
STATISTICAL ANALYSIS OF WARFARE: IDENTIFICATION OF WINNING 
FACTORS WITH A FOCUS ON IRREGULAR WARFARE
Bilal Gondal–Major, Pakistan Army
Master of Science in Operations Research
Advisor: Thomas Lucas, Department of Operations Research
Second Reader: Samuel Buttrey, Department of Operations Research
The purpose of this study was to determine important factors in winning conventional and irregular conflict. 
The research sought to identify variables and trends for conventional and irregular warfare as a means for 
predicting battle outcomes. The variables related to conventional and irregular warfare differ. There are lim-
ited variables for analysis of irregular conflicts due to the complexity of data collection during these conflicts. 
Selected variables from both types of conflict were synthesized using a descriptive statistics and decision tree 
methodology to identify important trends in warfare. The analysis indicated that cavalry, artillery, close air 
support, air superiority, leadership, and initiative played vital roles in deciding the outcome of conventional 
battles over time. The exploration of irregular warfare revealed that the population plays a major role in these 
conflicts. The numbers of participants are higher and the duration is longer in irregular conflict than in con-
ventional warfare. These irregular conflicts primarily occurred in areas of low gross domestic product, low 
employment-to-population ratio, and government ineffectiveness.




RAPID AIRLIFT PLANNING FOR AMPHIBIOUS-READY GROUPS
The following paper has been recognized as outstanding by its department.
Travis Hartman–Lieutenant Commander, United States Navy
Master of Science in Operations Research
Advisor: Robert Dell, Department of Operations Research
Co-Advisor: Connor McLemore, Operations Analysis Program Office
Second Reader: Gerald Brown, Department of Operations Research
An Amphibious Ready Group (ARG) consists of ships capable of conducting flight operations that routinely 
require the transport of personnel and cargo (PMC) to remain operationally viable. Planning PMC transport 
for an ARG and nearby airfields is labor intensive and often results in the inefficient use of rotary wing and 
tilt rotor aircraft. Personal experience shows that: (1) only a limited number of aircraft routes are explored, (2) 
operating costs are not explicitly considered, and (3) PMC plans may take up to 12 hours to create. This thesis 
develops and implements the PMC Route Optimizing Program (PROP), an optimization-based decision sup-
port system. PROP output prescriptions provide aircraft takeoff and landing times, routes, and transported 
PMC—everything required for planning PMC missions. We demonstrate PROP using 18 realistic test cases 
with up to four aircraft, five pickup and delivery locations, and up to 500 PMC requests. All test cases solve 
in less than one hour.
Keywords: vehicle routing problem, vehicle synchronization, military airlift, passenger and cargo transport, 
helicopter routing
UNDERSTANDING THE IMPACT OF SOCIO-ECONOMIC 
FACTORS ON NAVY ACCESSIONS
Bradley Intrater–Lieutenant, United States Navy
Master of Science in Operations Research
Advisor: Jonathan Alt, Department of Operations Research
Second Reader: Samuel Buttrey, Department of Operations Research
In a fiscally constrained environment, Navy Recruiting Command (NRC) must assign its recruiters to maxi-
mize the annual number of accessions by each recruiting station. Our thesis built on research in this area and 
made use of open-source socio-economic data from several sources, including the Internal Revenue Service 
and the Federal Bureau of Investigation. Beginning with a response variable of annual Navy accessions and a 
set of 71 independent predictor variables populated from ZIP code level data, we fit and validated six predic-
tive regression models. Models were fit using multiple linear regression (MLR) at the station level and zero-in-
flated negative binomial (ZINB) regression at the ZIP code level. We identified average number of recruiters, 
adjusted gross income (AGI) < $25,000, and total veterans as the principal drivers of accession production. 
We identified AGI > $200,000, unemployment compensation, and total number of universities in a ZIP code 
as the principal inhibitors to accessions. With out-of-sample data and using 95% prediction intervals, we 
tested the performance for each of the MLR models and validated them using the five assumptions of linear 
models. We tested the ZINB models against an out-of-sample subset using Mean Absolute Deviation (MAD) 
and true negatives, which verify the prediction rate of structural and random zeros. MAD and true negatives 
demonstrated improvement from previous zero-inflated Poisson models developed in 2011 by Y. K. Pinelis, 
E. Schmitz, Z. Miller, and E. Rebhan of the Center for Naval Analysis, in An Analysis of Navy Recruiting 
Goal Allocation Models.
Keywords: multiple-linear regression, zero-inflated Poisson, zero-inflated negative binomial, Logistic Regres-
sion, Navy Recruiting Command, variable selection, socio-economic data
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PHARMACY AUTOMATION IN NAVY MEDICINE: A STUDY 
OF NAVAL MEDICAL CENTER SAN DIEGO
Abbie Merkl–Lieutenant, United States Navy
Master of Science in Operations Research
Advisor: Lyn Whitaker, Department of Operations Research
Second Reader: Nedialko Dimitrov, Department of Operations Research
In August 2012, Naval Medical Center San Diego implemented a state-of-the-art pharmacy automation system 
in an effort to reduce cost and improve efficiency. The objective of this study is to quantify the increase in ef-
ficiency after installation through a focus on observed post-automation prescription fill times during calendar 
year 2014 (CY2014) and a simulated pre-automation process. With a response of average daily prescription fill 
time, automatic prescription fills in CY2014 are quicker than manual prescription fills in CY2014 by 6.97 0.97 
(standard error) minutes, and post-automation prescription fills are quicker than pre-automation prescription 
fills by 4.4 0.34 minutes. The difference between pre-automation and post-automation prescription fills is used 
as the response in a linear regression to determine which factors most contribute to the decrease in prescrip-
tion fill time. The proportion of prescriptions automated is influential; if this proportion is held constant at 
0.37, the workload for each pharmacy technician can be reduced by an estimated 2.34 0.03 (standard deviation) 
hours per day. A cost analysis of the pharmacy automation system is conducted, and it is estimated that a lower 
bound on the annual cost savings after implementation is over $300,000.
Keywords: pharmacy, automation, pharmacy automation, prescription, medication, dispensing errors, Navy 
Medicine, Bureau of Medicine and Surgery, BUMED, Naval Medical Center San Diego, NMCSD
EXPERIMENTS IN ERROR PROPAGATION WITHIN HIERARCHAL COMBAT MODELS
Russell Pav–Lieutenant, United States Navy
Master of Science in Operations Research
Advisor: Thomas Lucas, Department of Operations Research
Second Reader: Jeffrey Kline, Department of Operations Research
The Office of the Chief of Naval Operations uses a hierarchy of simulation models as part of scenario-based 
planning to help decide which new platforms to procure and how to employ them. Simulation is used at ev-
ery level of the acquisition process, from platform design to tactics to force structure. In hierarchal combat 
modeling, the mean output of lower-level, higher-resolution models are used as inputs to higher-level, lower-
resolution models. The goal of this process is to inform military commanders how design changes in new 
platforms will affect tactical performance, and how changes in tactical performance can enhance campaign 
effectiveness. This thesis uses a hierarchal modeling structure to examine whether including the distributions 
of mission model inputs instead of just the mean can affect campaign model results. A mission model of a one-
on-one submarine battle is developed to determine the mean time to kill (MTTK) for the belligerents. The 
MTTK is sampled in a variety of ways, including just the mean, and used to calculate the attrition coefficients 
for a stochastic Lanchester campaign model that contains 18 Blue and 25 Red submarines. The outputs of the 
campaign models are analyzed statistically. The results indicate that the sampling methodology has a signifi-
cant impact on the mean probability Blue wins the campaign and the mean amount of losses Blue takes when it 
wins. In addition, sampling methodology has a significant effect on the standard deviation for the probability 
Blue wins and the amount of losses Blue expects to take when it wins. These results also have practical signifi-
cance: estimates of Blue’s average odds of winning range from 0.58 to 0.94, while estimates of average losses 
range from 4.69 to 8.31. Hierarchal combat models must adopt methods for including the entire distribution 
of lower-level model outcomes in order to better represent risk.




A VIRTUAL ENVIRONMENT FOR RESILIENT 
INFRASTRUCTURE MODELING AND DESIGN
Jens Ruether–Major, German Army
Master of Science in Operations Research
Advisor: David Alderson, Department of Operations Research
Co-Advisor: W. Matthew Carlyle, Department of Operations Research
Second Reader: Daniel Nussbaum, Department of Operations Research
This thesis considers the interoperability of recent modeling efforts that apply constrained optimization (com-
bined with representations of system function and management) to assess and improve the operational resil-
ience of critical infrastructure (CI) systems to disruptive events. We implement these mathematical models 
using the Pyomo optimization package, which is built on top of the Python programming language. This 
computational environment provides advantages for data preprocessing and postprocessing, including con-
venient and efficient methods for manipulating CI network data. Moreover, the object-oriented nature of 
Pyomo creates a natural means for representing interdependent CI systems. Specifically, the model for each CI 
system can be implemented as its own object, and the combined model can be implemented as another object 
built from its dependent components. This allows for increased flexibility and extensibility beyond previous 
implementations. We manage the inputs and outputs of the models in a way to be able to compare them across 
studies, obtaining insight on their performance, interactions, and effectiveness. This thesis supports a broader 
effort to build a repository of functional CI models enabled from a geospatial user interface and connected to 
a common, backend simulation engine.
Keywords: critical infrastructure, optimization, Pyomo
VISUALIZING MIXED VARIABLE-TYPE MULTIDIMENSIONAL 
DATA USING TREE DISTANCES
The following paper has been recognized as outstanding by its department.
Yoav Shaham–Captain, Israel Defence Forces
Master of Science in Operations Research
Advisor: Lyn Whitaker, Department of Operations Research
Second Reader: Samuel Buttrey, Department of Operations Research
This research explores the use of the tree distances of Buttrey and Whitaker to visualize multidimensional data 
of mixed-variable types, having both numerical and categorical data. Tree distances measure dissimilarities 
among observations in a data set while exploiting desirable properties of classification and regression trees: 
ease of handling of most variable types, indifference to variable scaling, resistance to noise and outliers, ac-
commodations for missing values, and computational ease. In this research, we map the dissimilarities using 
Classical Multidimensional Scaling to a lower-dimensional Euclidean space in order to provide an analyst with 
a comfortable framework, which supplies visual cues in order to help find patterns and gain insights about the 
data. We offer in this thesis several algorithms for coloring observations in the lower-dimensional mappings 
in order to focus the analyst’s attention on the most important and interesting relationships in the data set. In 
addition, through our visualization, we gain a deeper understanding of the properties of tree distances and 
propose a modification. Our framework can be used on any military data set that involves mixed or non-mixed 
variables and is valuable for analysts who wish to shed light on data during the exploratory phase of analysis.




OPTIMAL SCHEDULING OF TIME-SHIFTABLE ELECTRIC 
LOADS IN EXPEDITIONARY POWER GRIDS
The following paper has been recognized as outstanding by its department.
John Sprague–Lieutenant Commander, United States Navy
Master of Science in Operations Research
Advisor: Emily Craparo, Department of Operations Research
Second Reader: Daniel Nussbaum, Department of Operations Research
Environmental control on the battlefield enhances readiness, reduces casualties, and protects the sensitive 
equipment upon which U.S. doctrine relies. Purchase and delivery of fuel necessary to provide this service was 
responsible for an estimated $1.4 billion in costs and 33 resupply convoy casualties per year at the peak of U.S. 
wars in Iraq and Afghanistan. It is well understood that the current semi-autonomous mode of environmental 
control unit (ECU) operation results in generators operating at low average loads—and low fuel efficiency—
to accommodate periodic unmanaged spikes in peak load.We propose a mechanism to reduce costs through 
optimal prescriptive management of these ECUs. We exploit the fact that ECU operation is time-shiftable to 
develop a mixed-integer linear programming model that optimally schedules ECUs to eliminate unmanaged 
peak demand, reduce generator peak-to-average power ratios, and facilitate a persistent shift to higher fuel 
efficiency. Using sensitivity analysis, we quantitatively demonstrate how grid composition, temperature band 
tolerance, and energy storage capabilities contribute to fuel efficiency under this approach.
Keywords: expeditionary, energy, optimization, deferrable, fuel, mixed integer linear program
AN ADAPTIVE METHOD FOR SCHEDULING THE SEQUENCE 
AND ROUTE OF BUILDER TRIALS FOR A NEW SHIP
The following paper has been recognized as outstanding by its department.
Ahmed Tahir–Lieutenant Commander, Pakistan Navy
Master of Science in Operations Research
Advisor: Susan Sanchez, Department of Operations Research
Second Reader: William Solitario, Department of Systems Engineering
Before a newly built ship is brought into service, it has to undergo various trials as part of its delivery. The 
builder shipyard aims at completing the maximum number of trials in the minimum possible time. Many trials 
have one or more prerequisites and every trial may have certain environmental requirements for its conduct. 
At sea, the success of any specific trial cannot be guaranteed. A dynamic tool is needed to help decision mak-
ers rapidly construct alternative trial sequences after the failure of any trial, and aid them in deciding whether 
the trials can be continued, or the ship has to return to the harbor for repairs. This thesis develops such an 
adaptive tool, which generates an optimal sequence and feasible route for conduct of a given set of trials, mini-
mizing the total time required in the absence of failures or adverse environmental conditions. The tool allows 
the user to generate alternate sequences of trials if an early trial fails. Simulation of the conduct of trials, under 
varying environmental conditions, reveals that the number of retries is the most important factor affecting the 
outcomes. It also identifies bottlenecks in the network, providing insight about onboard spare supportability 
for important systems.




THE PEACE GAME: A DATA-DRIVEN EVALUATION OF A SOFTWARE-BASED 
MODEL OF THE EFFECTS OF MODERN CONFLICT ON POPULATIONS
Daniel White–Lieutenant Commander, United States Navy
Master of Science in Operations Research
Advisor: Jeffery Appleget, Department of Operations Research
Second Reader: Thomas Lucas, Department of Operations Research
Over the years, wargames have been used by decision makers and operational experts to gain insight into not 
only how an operation could expect to unfold, but also in unveiling gaps in capabilities of a plan or concept 
of operation. While most of these games focus on war, the Peace Game focuses on helping planners gain in-
sight as to how Security Force Assistance and Security Cooperation operations may unfold. The Peace Game 
attempts to model population behavior in a specific region. In the past, movement of the masses has been 
used as an indicator of regional stability. This thesis concentrates on assessing the migration algorithm within 
the Peace Game. While the current algorithm does a satisfactory job of simulating migration, it can be made 
better. The suggested improvements in the Peace Game focus on three models (two types of models). There 
are two regression models—one that models population deaths over time and another that models displaced 
persons over time. The third model is roughly based on a compounding interest model. This model is known 
as the Population Attrition Model and is applied to both deaths and displaced persons. All of the models are 
grounded in an analysis of historical data from over 40 conflicts. All of the models are an improvement in 
simulating the reality of population migration in regions of conflict.
Keywords: wargaming, stochastic modeling, data analysis, combat modeling
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MEASUREMENT OF TRANSMISSION LOSS USING AN INEXPENSIVE 
MOBILE SOURCE ON THE UPPER SLOPE OF THE SOUTH CHINA SEA
Samuel Graessle–Lieutenant, United States Navy
Master of Science in Physical Oceanography
Advisor: Ching-Sang Chiu, Department of Oceanography
Co-Advisor: Chris Miller, Department of Oceanography
During the 2014 South China Sea Upper-Slope Sand Dunes Experiment, an inexpensive, expendable mobile 
sound source was deployed to investigate potential use of such a device to acquire quality transmission loss 
(TL) data and yield additional spatial information of the complex acoustic environment. The mobile source 
was programmed to maintain depth and speed, and to transmit a tonal signal followed by a short linear-sweep 
timing/ranging pulse every minute. A vertical hydrophone array and other receivers recorded the signals. The 
methodology and related mathematical tools to analyze the received acoustic data for coherence time (opti-
mum integration time) and consequently TL were developed. Specifically, coherence times were estimated 
based on a tolerance of one-dB degradation in the measured SPL of the tone. It is shown that a time segment 
is coherent when 50% of the segment has phase fluctuations within ± 45° about the linear trend of the phase. 
The optimum integration time was applied to the data to obtain TL estimates versus range using spectral 
estimation techniques. Measured coherence time and TL were compared to model results from the National 
Taiwan University to gain insights into the quality, limitations, and attainable future advances of this measure-
ment method.
Keywords: South China Sea, mobile acoustic source, transmission loss, coherence time
LONG-ENDURANCE MARITIME SURVEILLANCE WITH OCEAN GLIDER NETWORKS
Bradley Nott–Lieutenant, United States Navy
Master of Science in Physical Oceanography
Advisor: John Joseph, Department of Oceanography
Second Reader: Tetyana Margolina, Department of Oceanography
This study examines the integration of ocean glider Unmanned Surface Vehicles (USVs) and Unmanned Un-
dersea Vehicles (UUVs) in support of wide-area oceanographic and acoustic sampling. These collaborative 
systems could enable the U.S. Navy to conduct multi-month unmanned maritime surveillance. Optimal sen-
sor position in the water column and persistence are critical requirements to reduce surface expressions of such 
a network. An experiment was conducted in Monterey Bay to evaluate underwater gliders as mobile passive 
acoustic sensing platforms. Acoustic propagation modeling was used to plan experiment geometry, predict 
transmission loss (TL), and estimate acoustic communications performance with a USV. A medium frequency 
acoustic source was deployed at a range of 5.5 km from a receiver on board a glider conducting a 1000 m dive 
to demonstrate that a glider can adapt to the local environment to exploit more reliable propagation paths. Re-
sults demonstrate that gliders are effective mobile platforms to support persistent acoustic sensing. The glider 
received transmitted signals at levels in close agreement with TL predictions. Signals were received while the 
glider was in motion, and reception improved during a quiet deep loiter. Given the depths, ranges, and envi-
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ronmental conditions studied, research and modeling suggest sufficient acoustic communication performance 
to promote connectivity of the proposed network.
Keywords: acoustics, ocean gliders, long-endurance, maritime surveillance, unmanned systems, oceanograph-
ic sampling, passive acoustics, acoustic communications
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A BUSINESS CASE ANALYSIS OF THE M4/AR-15 MARKET
Nick Clossman–Captain, United States Air Force
Chris Long–Captain, United States Air Force
Master of Science in Program Management
Advisor: Brad Naegle, Graduate School of Business and Public Policy
Co-Advisor: Michael Boudreau, Graduate School of Business and Public Policy
This research provides a business case analysis of the M4/AR-15 market. The market analysis was conducted 
to fill missing gaps on the M4/AR-15 market size, customer demographics, and supplier base. Data was col-
lected and analyzed from the Federal Bureau of Investigation National Instant Criminal Background Check 
System to identify where customer demand is the greatest across the United States. Data was also collected 
using the Bureau of Alcohol, Tobacco, and Firearms Annual Firearms Manufacturing and Exportation Report 
to identify the size of the M4/AR-15 market, who the top manufacturers are, and where they are located. It 
was found that the market has experienced significant growth over the past decade, and the market is expected 
to continue growing to meet customer demand. However, the greatest threat to market stability is the threat 
of government regulation, in addition to the current state and federal laws that already strictly regulate the 
firearms industry. Maintaining a free market will foster small business economic growth, resulting in more 
valuable and innovative products for military, law enforcement, and civilian end users.
Keywords: M4, AR-15, business case analysis, market analysis
AN ANALYSIS OF ARMY RAPID ACQUISITION
Sarah Coleman–Civilian, Department of the Army
Linda Lopez–Civilian, Department of the Army
David Luntz–Civilian, Department of the Army
Master of Science in Program Management
Advisor: Charles Pickar, Graduate School of Business and Public Policy
Second Reader: Raymond Jones, Graduate School of Business and Public Policy
The purpose of this research is to determine if current regulations support a repeatable and manageable rapid 
acquisition process. The methodology used to analyze the research was the knowledge value-added theory 
and data extrapolated from selected acquisition reports. The results of our analysis demonstrate a need for an 
institutionalized rather than ad hoc rapid acquisition process. The recommendation is to cull pieces from the 




DRAGON SKIN—HOW IT CHANGED BODY ARMOR 
TESTING IN THE UNITED STATES ARMY
Kevin Peel–Chief, Test Integration, Program Executive Office 
Soldier Aberdeen Proving Ground, MD
Master of Science in Program Management
Advisor: Brad Naegle, Graduate School of Business and Public Policy
Co-Advisor: Michael Boudreau, Graduate School of Business and Public Policy
On February 9, 2009, Mr. Dean G. Popps, Acting Assistant Secretary of the Army (Acquisition, Logistics, 
Technology), issued a memorandum directing that all first article and lot acceptance testing of interceptor 
body armor (IBA) would be conducted by the Army Test and Evaluation Command (ATEC). Prior to the 
directive, the majority of IBA testing was conducted at National Institute of Justice-certified ballistics labo-
ratories. The rationale for this change, as stated in the memorandum, was that recent internal and external 
reviews indicate that the testing process for personal protective equipment needed to be improved. This joint 
applied project examines the reasons why the decision was made, as articulated in the Popps memorandum, 
what improvements to IBA testing were made by ATEC, and impacts of the changes, positive and negative. 
Although the scope of the project is limited to IBA hard armor ballistic inserts, the goal is to provide the cur-
rent and future leadership of Program Executive Office Soldier and other stakeholders a better understanding 
of key events and decisions regarding body armor testing and the impacts of those events and decisions, to 
inform future decisions.
Keywords: body armor testing, Program Executive Office Soldier, Interceptor Body Armor, IBA, PEO, Army 
Test and Evaluation Command, ATEC
AN ANALYSIS OF COMMUNICATION BETWEEN PROGRAM 
MANAGERS AND CONTRACTING OFFICERS AND ITS EFFECT ON 
THE PERFORMANCE OF THE DEFENSE ACQUISITION SYSTEM
The following paper has been recognized as outstanding by its department.
Allison Penn–Civilian, Department of the Army
Michael Loya–Civilian, Department of the Army
Tristan Gilbert–Civilian, Department of the Army
Master of Science in Program Management
Advisor: E. Cory Yoder, Graduate School of Business and Public Policy
Co-Advisor: Eladio DeJesus, SEC-Lee
The purpose of this research is to investigate the effects of early communication between program managers 
and contracting officers on the performance of the Defense Acquisition System. To show the need for im-
provement and to determine problem areas affecting early communication, we used mixed methods’ research 
to examine current statistics and to conduct in-person interviews. With this research, we found a link between 
the quality and quantity of communications and the outcome of the program. Communication and program 
outcomes are linked through contracting products, which are a primary driver of program performance, and 
are significantly improved by effective and continuous communication. The primary method that significantly 
affected the quality of communication was to embed the contracting officer within the program office. In 
cases where this was not possible, it was necessary to align the contracting team organizationally with the 
requiring activity.
Keywords: program manager, contracting officer, Defense Acquisition System, communication, collaboration
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TERRAIN CLASSIFICATION USING MULTI-WAVELENGTH LIDAR DATA
Judson Thomas–Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: Richard Olsen, Department of Physics
Second Reader: Jeremy Metcalf, Department of Physics
With the arrival of Optech’s Titan multispectral LiDAR sensor, it is now possible to simultaneously col-
lect three different wavelengths of LiDAR data. Much of the work performed on multispectral LiDAR data 
involves gridding the point cloud to create Digital Elevation Models and multispectral image cubes. Grid-
ding and raster analysis can have negative implications with respect to LiDAR data integrity and resolution. 
Presented here is a method of attributing the Titan LiDAR point cloud with the spectral information of all 
three lasers and the potential improvement of performing all analysis within the point cloud. Data from the 
Optech Titan are analyzed for purposes of terrain classification, adding the spectral component to the LiDAR 
data point cloud analysis. The approach used here combines the three spectral sensors into one point cloud, 
integrating the intensity information from the three sensors. Nearest-neighbor sorting techniques are used to 
create the merged point cloud. Standard LiDAR and spectral classification techniques are then applied. The 
ENVI spectral tool n-Dimensional Visualizer is used to extract spectral classes from the data, which can then 
be applied using supervised classification functions. The Maximum Likelihood classifier provided consistent 
results demonstrating effective terrain classification for as many as eleven classes.
Keywords: remote sensing, LiDAR, multi-wavelength, terrain classification, spectral
CONJUNCTION OF PHOTOVOLTAIC AND THERMOPHOTOVOLTAIC 
POWER PRODUCTION IN SPACECRAFT POWER SYSTEMS
Matthew Thomas–Lieutenant, United States Navy
Master of Science in Space Systems Operations
Advisor: Sherif Michael, Department of Electrical and Computer Engineering
Second Reader: Matthew Porter, Department of Electrical and Computer Engineering
This research examines the potential for the conjunction between photovoltaic (PV) and thermophotovol-
taic (TPV) technologies for spacecraft power production. There is sufficient overlap between the sources of 
energy used for these devices and the function of the devices themselves that either PVs or TPVs could gain 
improvements in efficiency from the integration of the other type of device, or that a hybrid device could 
be developed. As a proof of concept, a GaAs PV cell and GaSb TPV cell were modeled in a tandem design 
using Silvaco ATLAS, with varying PV cell substrate thicknesses, and simulated under the AM0 spectrum 
to determine the potential range of efficiency gains for a PV device integrated with a TPV device. The same 
design was then tested under a 2000 K blackbody spectrum—to approximate use in a radioisotope thermo-
electric generator—to determine if similar efficiency gains could be seen for a TPV device integrated with a 
PV device. The possible gains with a PV-TPV design under AM0 are clear, potentially resulting in cells with 





a 30–34% overall efficiency. The possible gains for a PV-TPV device utilizing a blackbody spectrum are less 
clear, and would benefit from further design and investigation.
Keywords: photovoltaic, PV, thermophotovoltaic, TPV, gallium arsenide, GaAs, gallium antimonide, GaSb, 
radioisotope thermoelectric generator, RTG, blackbody spectrum, tandem cell, dual-junction, Silvaco ATLAS
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ANALYSIS AND OPERATIONAL FEASIBILITY OF POTABLE WATER PRODUCTION
Ali Abulfateh–Major, Royal Bahraini Air Force
Master of Science in Systems Engineering
Advisor: Gary Langford, Department of Systems Engineering
Second Reader: Matthew Boensel, Department of Systems Engineering
The need for fresh water, a most precious resource on Earth, is increasing as civilizations and technology 
evolve and populations increase. The feasibility and scalability of alternative water harvesting methods to 
ensure a continuous supply of water for the future is vital. Alternative methods of water harvesting were ana-
lyzed to determine the fundamental physics that provides scalability from one size unit to larger and smaller 
units. In terms of off-the-shelf water harvesting equipment, each technique is engineered to take advantage 
of a particular technology. This research compared the technologies of nuclear reverse osmosis for the fresh-
water producing plants that serve metro-cities, and the technologies employing condensation and non-nuclear 
reverse osmosis for the city-sized, village-sized, and individual household-sized units. The feasibility of scaling 
water-harvesting equipment based on a particular technology is limited by both the economics of compet-
ing suppliers as well as the engineering to harvest fresh water. This thesis argues from a systems engineering 
perspective to investigate the feasibility of water-harvesting systems. A personal portable self-operated water-
harvesting system is introduced as a new market niche for individuals without access to water. This micro-
sized system can operate day and night using solar and Earth’s radiation.
Keywords: scaling, measures of effectiveness, systems engineering
USING A SYSTEMS ENGINEERING PROCESS TO DEVELOP A PARTS HARVESTING 
PROCEDURE IN SUPPORT OF DECOMMISSIONING MCM-1 CLASS SHIPS
David Bowe–Civilian, Department of the Navy
Master of Science in Systems Engineering
Advisor: Gary Langford, Department of Systems Engineering
Second Reader: Rick Williams, Expeditionary and Mine Warfare
This thesis uses systems engineering principles and an evolutionary process model to develop a parts harvest-
ing procedure for the Mine Countermeasure (MCM-1) class ships. This procedure will facilitate harvesting 
required components from a decommissioning MCM-1 class ship that will be refurbished for reuse on the 
remaining in-service ships. These harvested components are critical to ensuring MCM-1 ships can conduct 
mine countermeasure operations by having required repair parts to keep the systems functioning as designed. 
Additionally, the harvested components will help the ship class meet expected service life. Parts harvesting is 
required to keep the ships operational due to various systems’ single point failure design, installed equipment 
material low-permeability requirements, and limited overall part demand for the mine countermeasure unique 
systems. The parts harvesting process developed is executable, cost-effective, and critical to ensuring the 
The following capstone project reports were produced by cohorts of residential or distance learning 
students in the systems-engineering curriculum. The degrees awarded include Masters of Science in 
Systems Engineering, Systems Engineering Management, and Engineering Systems.
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MCM-1 class ships are materially able to operate as designed. Various systems engineering tools are utilized in 
the parts harvesting procedure to assess the ship as an overall system, determine critical components, establish 
sparing requirements, and minimize cost for repair parts. The procedure includes identification of compo-
nents to harvest, funding and execution of harvesting operations, warehousing, refurbishment of harvested 
components, disposal, and measuring procedure effectiveness.
Keywords: systems engineering, mine countermeasure, parts harvesting process, parts reclamation process, 
MCM-1 class ship sustainment, linear program, reliability block diagram, functional decomposition, stake-
holder analysis, system boundaries, user requirements
A HIGH-VALUE-BEST-VALUE APPROACH TO PUBLIC SHIPYARD HUMAN 
CAPITAL MANAGEMENT TO IMPROVE SHIP AVAILABILITY
Shannon Buckley–Lieutenant, United States Navy
Master of Science in Systems Engineering
Advisor: Gary Langford, Department of Systems Engineering
Second Reader: Joseph Sweeney, Department of Systems Engineering
One of the problems public shipyards face is delays in completing ship maintenance, upgrades, and overhauls. 
The general trend is for ships to be delivered behind schedule, which impacts the U.S. Navy Fleet’s operational 
readiness and increases the overall cost burden of availabilities to the U.S. Navy. This study investigates the 
current public shipyard architecture, the contracting vehicle utilized to award shipyard availability contracts, 
and the relationship between the public shipyard permanent workforce and the contingent workforce. The 
investigation consists analyzes public shipyard availability data and examines the current architecture of public 
shipyards. The result is the development of a proposed High-Value-Best-Value (HVBV) system-of-systems ap-
proach to managing human capital and contracting efforts in public shipyards. The HVBV system-of-systems 
approach is intended to increase worker-human capital, including effectiveness and efficiencies, by creating 
an integrated product team between the permanent and contingent shipyard workforce. Additionally, the 
HVBV system of systems utilizes the best-value contracting approach by selecting the highest performer for 
the lowest cost, ensuring high performance and minimizing shipyard risk and delays by forcing accountability 
between the shipyard and the contractor.
Keywords: public shipyard, high value, best value, availability, permanent worker, contingent worker, human 
capital management
EVALUATING THE MEASURE OF EFFECTIVENESS OF USING A DEPLOYED 
COMMAND AND CONTROL SYSTEM ON LAND BATTLEFIELD
William Goh–Civilian, Singapore Technologies Electronics Limited, Singapore
Master of Science in Systems Engineering
Advisor: Gary Langford, Department of Systems Engineering
Co-Advisor: Douglas Nelson, Department of Systems Engineering
With military systems becoming increasingly connected and more agile to handle multiple scenarios through 
technological advances, the challenge remains to design a command and control (C2) system that fulfills the 
rising user expectation given the constraints enforced in the land battlefield. While there is always ongoing 
effort to narrow the gap between users’ expectation and constraints on the land battlefield through integrat-
ing more sensors, there is a need to manage the users’ expectation to ensure the effective use of the system for 
their operations through constant evaluation of the measures of effectiveness (MOE). The Langford nine-step 
methodology provides a repeatable process to successfully develop twelve pairs of meaningful MOEs using 
the integrative framework to evaluate the effectiveness of using a deployed C2 system on the land battlefield. 
The integrative framework provides the comprehensive guidelines to develop the MOE with objective values 
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and subjective criteria. The nine-step method’s repeatability facilitates the evaluation of the effectiveness of 
the C2 for each system refinement (firmware/software/system upgrade) or new requirements (addition of sen-
sor/communication system/protocol). Each evaluation provides opportunities for the system, process, and 
organization to improve.
Keywords: command and control (C2), measure of effectiveness (MOE), land battlefield
APPROACH TO ACHIEVE HIGH AVAILABILITY IN CRITICAL INFRASTRUCTURE
Yew Kee Hoo–Senior Engineer, Defence Science and Technology Agency, Singapore
Master of Science in Systems Engineering
Advisor: Gary Langford, Department of Systems Engineering
Second Reader: Mark Stevens, Department of Systems Engineering
The requirement for high availability of critical infrastructure necessitates the use of correct maintenance ap-
proaches for each system that supports Department of Defense missions. This thesis used a risk-adjusted cost 
method as the means to analyze the suitability of maintenance approaches, namely the no-preventive main-
tenance approach, the time-based maintenance approach, and the condition-based maintenance approach for 
different critical infrastructure. These three maintenance strategies were implemented using appropriate types 
of contracts and proper configuration management for the critical infrastructure. A sensitivity analysis was 
conducted, which validated Koeneman’s 2009 findings for ships that condition-based maintenance can result 
in a significant increase in operational availability as compared to the no-preventive maintenance approach, 
and a larger increase as compared to the time-based maintenance approach. This validation of the sensitivity 
analysis performed for critical infrastructure shows that the use of condition-based maintenance results in 
higher availability than either the time-based or no maintenance-based strategies.
Keywords: maintenance, condition-based maintenance, CMMS, maintenance management, CBM, CBM+
SYSTEMS ENGINEERING APPROACH FOR CONCEPTUAL DESIGN OF FRIGATE
The following paper has been recognized as outstanding by its department.
Kwong Yang Lua–Singapore Technologies Marine Ltd. (ST Marine), Singapore
Master of Science in Systems Engineering
Advisor: Fotis Papoulias, Department of Systems Engineering
Second Reader: Clifford Whitcomb, Department of Systems Engineering
The aim of this thesis is to apply a systems engineering approach for the conceptual design of a frigate to meet 
its operational requirements. The thesis explores the applicability of the University College London Numerical 
Warship Design Procedure to find ship dimensions. In order for the design to be viable, the procedure iterates 
until the ship displacement is equal to the weight of the groups, and the volume available in the hull and su-
perstructure is equal to or larger than the calculated volume required. The Topside Sizing Model is introduced 
and added to the Numerical Warship Design Procedure to find feasible and satisfactory conceptual ship de-
signs. This thesis also provides guidance to ship topside designers in the methodology of integrating weapon 
and platform systems onboard a surface ship. A spiral model for Integrated Topside Design is introduced and 
explained. Lastly, this thesis uses NPS capability engineering for its cost-effectiveness model to examine sev-
eral design alternatives and trade-offs in the capability of the frigate versus its cost of procurement.
Keywords: systems engineering approach, integrated topside design considerations, numerical warship design 
procedure, topside sizing model, cost capability analysis
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MULTIPLE ROBOTS LOCALIZATION VIA DATA SHARING
Cheng Leong Ng–Civilian, Singapore Technologies Dynamics, Singapore
Master of Science in Systems Engineering
Advisor: Oleg Yakimenko, Department of Systems Engineering
Co-Advisor: Roberto Cristi, Department of Electrical and Computer Engineering
This thesis applies a systems engineering approach to identify the critical issues in using a robot localization 
technique for a swarm of unmanned systems operating in an urban environment. It starts by presenting a con-
cept of operations requiring data sharing between multiple robots operating in a confined environment, and 
proceeds with the development of a localization technique based on observing the relative position of neigh-
bor vehicles and then sharing this information with them. The centroids of the measured positions are fed into 
a Kalman filter as the measurement inputs. The Kalman filter merges measurement data with a predicted state 
from a simple kinematic model. A simulation developed in Python is used to compare the performance of 
the developed data-sharing localization technique with the individual robot odometry. The simulation results 
show a significant improvement of robot localization precision while the simple odometry technique results in 
continuing growth of the estimation error.
Keywords: robotics, robot localization, collaborative robotics, urban environment, Kalman filter, data sharing
PLANNING FOR RECALL OF MAINTENANCE MANPOWER
Yang Siang Kelvin Poh–Military Expert, Republic of Singapore Air Force
Master of Science in Systems Engineering
Advisor: Gary Langford, Department of Systems Engineering
Second Reader: Mark Stevens, Department of Systems Engineering
Mission availability is a key component of system effectiveness wherein manpower forms a critical part of the 
resource requirements. Within the United States Air Force, military technicians supplement essential mainte-
nance and logistics support for fighter aircraft. Under certain conditions, the placement of these technicians in 
their roles as reserve personnel creates disproportionate economic loss for the parent unit and the reserve unit. 
The results of an analysis of the F-15D fighter aircraft indicate that the organization costs of the military units 
have a significant effect on how long a reservist should partition duty between the military units to achieve 
a minimum loss for both the parent unit and the reserve unit. This research suggests another motivation for 
splitting the reservist’s time between the parent and reserve units. The methodology of using loss functions 
to address manpower allocation can be similarly applied to other areas where there is concurrent demand for 
the same personnel.
Keywords: military reserves, maintenance scheduling, loss function
SYSTEMS ENGINEERING AND INTEGRATION AS  
A FOUNDATION FOR MISSION ENGINEERING
David Beam–Civilian, Department of the Navy
Master of Science in Systems Engineering Management
Advisor: Gary Langford, Department of Systems Engineering
Second Reader: Joseph Sweeney, Department of Systems Engineering
This paper investigates the emerging term mission engineering through the framework of systems engineer-
ing and systems integration. Systems engineering concepts, processes, and methodologies are extrapolated for 
use in conjunction with a systems integration, life-cycle based framework to affect mission engineering. The 
specific systems engineering concepts of measures of effectiveness, performance and suitability are recom-
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mended as foundational to establishing mission-engineering processes to satisfy mission user requirements, 
and ultimately provide a context for definition of mission engineering.
Keywords: mission engineering, systems engineering, measures of effectiveness, measures of performance, 
measures of suitability
AN ANALYSIS OF DEPARTMENT OF DEFENSE POLICY AND GUIDANCE 
FOR IMPLEMENTATION OF PERFORMANCE-BASED LOGISTICS
Michael Ewer–Civilian, United States Air Force
Master of Science in Systems Engineering Management
Advisor: Charles Pickar, Graduate School of Business and Public Policy
Second Reader: Mark Rhoades, Department of Systems Engineering
The goal of this thesis is to improve Department of Defense (DOD) policy and guidance to help program 
managers and product support managers effectively employ Performance Based Logistics (PBL) as a product 
support strategy. If properly utilized, a PBL approach can reduce a weapon system’s life cycle cost, increase its 
availability to the warfighter, and reduce the logistics footprint traditionally required to sustain it. This thesis 
contains a thorough analysis of the most current and relevant DOD policies and guidance to determine if they 
adequately support implementation of PBL. A model is presented to aid readers through the analysis of the 
selected documentation to identify areas where policy refinement and additional guidance may improve un-
derstanding and awareness of PBL. This thesis makes recommendations on closing the identified information 
gaps with the aim to strengthen PBL policies and procedures. Major findings that trend across the reviewed 
documents or pose significant problems for implementing PBL are addressed, with recommendations. The 
desired result of this research is to improve existing PBL policy and guidance in order to ultimately provide 
affordable and effective weapons systems in the defense of our nation.
Keywords: Performance Based Logistics, sustainment, logistics, policy, guidance, product support, DOD, 
program management, life cycle sustainment
MODEL-BASED SYSTEMS ENGINEERING IN THE EXECUTION 
OF SEARCH AND RESCUE OPERATIONS
The following paper has been recognized as outstanding by its department.
Spencer Hunt–Lieutenant, United States Navy
Master of Science in Systems Engineering Management
Advisor: Kristin Giammarco, Department of Systems Engineering
Second Reader: Bonnie Young, Department of Systems Engineering
Complex systems engineering problems require robust modeling early in the design process in order to ana-
lyze crucial design requirements and interactions. This thesis emphasizes the need for such modeling through 
multiple model-based systems engineering techniques as they apply to the execution of search and rescue. 
Through the development of a design reference mission, this thesis illustrates how a search and rescue archi-
tecture can undergo multiple levels of model-based analysis in order to ascertain critical system behaviors. 
This way, design aspects can be assessed and modified before incurring the costs associated with incorrect 
implementation. Furthermore, the study seeks to identify which particular modeling techniques are most 
conducive to the search and rescue domain. Then, other modelers can build upon the work presented here 
in order to assess any architecture aspect from different operating procedures to emerging technologies. Ul-
timately, this study demonstrates that complex systems require multiple iterations across different models. 
Since each technique has strengths and limitations, it is not feasible to encapsulate every interaction without 
constructing multiple models. Systems engineering is constantly iterating and seeking to improve designs. 
96
SYSTEMS ENGINEERING
Model-based systems engineering can help designers improve not only a search and rescue architecture but 
also any system today and in the future.
Keywords: model-based systems engineering, search and rescue, modeling, architecture, sequence diagram, 
hierarchy diagram, IDEF0, spider diagram, activity model, Monterey Phoenix
ADAPTIVE RED-TEAMING ON DEVELOPMENTAL TECHNOLOGIES
John Klopfenstein–Civilian, Communications-Electronic Research,  
Development and Engineering Center, United States Army
Master of Science in Systems Engineering Management
Advisor: Gary Langford, Department of Systems Engineering
Second Reader: Brigitte Kwinn, Department of Systems Engineering
This thesis defines a methodology that can be used to support a comprehensive red-teaming process to as-
sess the technology used during developmental technology. The goal is for the U.S. Army to benefit from a 
repeatable, adaptable method to acquire defense systems that are both useful and desirable by operational 
commands. A stakeholder analysis focused on red-team requirements indicated the need to increase threat 
emulation capabilities, provide a quantitative snapshot of technology, and increase collaboration between gov-
ernment and industry. Based on the methodology recommended by this research, a new, repeatable process 
was initiated by the Adaptive Red Team. This new process offers an improved evaluation of developmental 
technology, which provides a baseline logistics, technological and user factors score for each technology, and 
a better understanding of the risk of acceptance for a tested technology. Additional process improvements in-
clude emulation of formidable threats through equipment; improved tactics, techniques, and procedures; and 
increased collaboration between government and industry through the use of data standards, new knowledge 
of adaptive red-team missions, and technology introductions. Initial results of applying the recommendations 
of this thesis have uncovered vulnerabilities never seen and, when mitigated, have shown to increase opera-
tional capabilities for the Department of Defense.
Keywords: Red-teaming, technology development, Adaptive Red Team, developmental technology
EXAMINATION OF THE BENEFITS OF STANDARDIZED 
INTERFACES ON SPACE SYSTEMS
Jonathan Lee–Civilian, Space Exploration Technologies
Master of Science in Systems Engineering Management
Advisor: Kristin Giammarco, Department of Systems Engineering
Second Reader: Mark Rhoades, Department of Systems Engineering
Space systems today are highly customized systems for which standardized interfaces rarely exist. A majority 
of the cost can be attributed to nonrecurring engineering costs, since these systems are redesigned each time a 
space system is procured. As new space systems are developed, the usage of standardized interface can prove 
to be highly advantageous. The objective of the thesis is to identify key interfaces that can be standardized, and 
to determine if the implementation of standardized interfaces on space systems can provide any added benefits 
such as cost savings, schedule reductions, and a rapid replenishment capability if a system were lost. A satel-
lite functional analysis was performed using IDEF0 models, which indicated that multiple interfaces within 
each subsystem can be standardized. The biggest return on investment in terms of interface standardization 
would come from the Command and Data Handling and Electrical Power subsystem, since each component 
onboard will require, at a minimum, a single data and power interface. As a result of utilizing a standard in-
terface, cost savings can be realized through efficiencies in design and manufacturing, and allow for a rapid 
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replenishment capability for any systems that are lost due to any type of failure. The research concludes with 
recommendations for standardization by subsystem and function, based on the IDEF0 analysis.
Keywords: interface standardization, interface, standardization, satellites
GENERATION OF DEPARTMENT OF DEFENSE ARCHITECTURE FRAMEWORK 
MODELS USING THE MONTEREY PHOENIX BEHAVIOR MODELING APPROACH
Joanne Pilcher–Civilian, Space and Naval Warfare Systems Center Pacific
Master of Science in Systems Engineering Management
Advisor: Kristin Giammarco, Department of Systems Engineering
Second Reader: Walter Owen, Department of Systems Engineering
The Department of Defense (DOD) has struggled with systems development, integration and interoperabil-
ity for more than 30 years. Despite the DOD Architecture Framework (DODAF) compliance requirement 
initiated 20 years ago to address these concerns, DOD agencies continue to struggle to deliver interoperable 
systems required for operations. The Monterey Phoenix (MP) approach shifts the paradigm underlying these 
DODAF views to focus on system behaviors and interactions rather than component functionality and the 
data flows between them. Although robust DODAF tools are available for model documentation, the MP 
Analyzer tool enables the system architect to reduce design complexity while quickly and easily exposing archi-
tectural flaws prior to implementation. This research defines DODAF models that can be generated using the 
MP approach to realize MP benefits, such as automatic scenario generation, and comply with DOD guidance. 
Using criteria established in this research, 16 of the 51 total DODAF models from five of the eight viewpoints 
are produced using data available in the MP approach. The value proposition to DOD programs is the ability 
to intercept design errors before they become costly system failures or rework requirements. Future research 
can validate the DODAF model generation from MP as it matures.
Keywords: business process modeling notation, BPMN, Monterey Phoenix, department of defense architec-
ture framework, DODAF, systems engineering, systems, systems architecting, architecture, validation, veri-
fication
ARCHITECTURE ANALYSIS OF WIRELESS POWER 
TRANSMISSION FOR LUNAR OUTPOSTS
William Reynolds–Captain, United States Air Force
Master of Science in Systems Engineering Management
Advisor: Charles Racoosin, Space Systems Academic Group
Second Reader: Robert Harney, Department of Systems Engineering
To continue scientific research on the moon, largely abandoned since the Apollo era, humanity must establish 
a permanent outpost. This research has narrowed the lunar base sites to the polar regions, as these sites offer 
the highest scientific value. The overarching problem is how to supply continuous power to lunar bases located 
at the poles. This study focuses on the feasibility and architectural analysis of wireless power transfer to lunar 
polar outposts. Two wireless power transfer methods, microwave and laser, were integrated into satellite con-
stellations and the overall system architecture. The two architectures were modeled, analyzed, and evaluated 
to determine which method is more feasible. The results showed that while both the use of microwave and la-
ser transmission were feasible, the microwave approach produced large transmitter and receiver antenna sizes, 
driving unreasonable cost. The laser transmission approach showed less end-to-end efficiency and therefore 
higher per-satellite cost but resulted in a lower total system cost and was the more feasible architecture.
Keywords: power beaming, wireless power transfer, lunar outposts, solar power satellites
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APPLYING SYSTEMS ENGINEERING TO IMPROVE THE MAIN 
GAS TURBINE EXHAUST SYSTEM MAINTENANCE STRATEGY 
FOR THE CG-47 TICONDEROGA CLASS CRUISER
Robert Sparks–Civilian, Department of the Navy
Master of Science in Systems Engineering Management
Advisor: Gary Langford, Department of Systems Engineering
Second Reader: Gregory Miller, Department of Systems Engineering
The problem of effectively maintaining surface ships without sacrifice to operational availability and expect-
ed service life is receiving considerable attention from Navy leadership. The balance of cost, schedule, and 
performance parameters associated with ship maintenance is critical to ensure naval surface force readiness 
requirements can be achieved within acceptable life-cycle costs. This thesis examines facets of U.S. Navy 
surface ship maintenance policy, including condition-based maintenance and reliability-centered maintenance 
(RCM). Analysis and recommendations for improvement of the main gas turbine exhaust system maintenance 
strategy are the focus of this thesis. The analysis recommends a new hybrid approach to RCM. The hybrid 
RCM concept blends an inspection task with a repair task based on historical failure data analysis. The hybrid 
preventative maintenance task recognizes and mitigates the interrelated, multidimensional issues associated 
with ship maintenance. To decompose and cognize the complexities woven into improving a surface ship sys-
tem maintenance strategy, systems engineering concepts and applications are introduced and demonstrated. 
The Navy Standard Titanium Centrifugal Pump serves as a reference system to demonstrate the application 
of functional decomposition, fault tree analysis, and risk assessment. These concepts and applications provide 
a logical means to identify and manage challenges associated with developing effective system maintenance 
strategies.
Keywords: maintenance, modernization, decision-making, surface ship, readiness, maintenance strategy, re-
liability-centered maintenance, cost, schedule, performance, growth-work, new-work, optimal fleet response 
plan, time-directed, condition-based maintenance
FUNCTIONAL FLOW AND EVENT-DRIVEN METHODS 
FOR PREDICTING SYSTEM PERFORMANCE
The following paper has been recognized as outstanding by its department.
Victoria Steward–Civilian, Naval Undersea Warfare Center
Master of Science in Systems Engineering Management
Advisor: Kristin Giammarco, Department of Systems Engineering
Second Reader: Timothy Chung, Department of Systems Engineering
As technology continues to advance at an increasingly rapid pace and systems become more complex, evolv-
ing into systems of systems, the discipline of systems engineering will become a more important part of the 
entire system lifecycle. The scope of this thesis is to apply model-based system engineering principles to the 
system architecture of a system of systems, and to utilize behavior modeling capabilities to conduct an analy-
sis of alternatives for a realistic design reference mission; the work in this thesis is based around a search and 
rescue mission. Two models of the search and rescue system of systems were prepared utilizing two model-
based system engineering approaches and tools. For functional flow the Innoslate tool (from Spec Innova-
tions) was used, and for event-driven the Monterey Phoenix Analyzer tool (from Naval Postgraduate School) 
was utilized. The application of both approaches illustrated how difficult it is to model a system of systems, 
and this examination uncovered opportunities to improve both approaches. The ability to allow an asset to 
asynchronously proceed through a scenario would improve the flexibility of Innoslate. To improve the utility 
of Monterey Phoenix Analyzer for analyses of alternatives, the capability to automatically input the character-
istics for assets should be incorporated.
Keywords: systems of systems, MBSE, functional flow, event-driven, Monterey Phoenix
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INVESTIGATING OUTFITTING DENSITY AS A COST 
DRIVER IN SUBMARINE CONSTRUCTION
Katherine Terwilliger–Civilian, Department of the Navy
Master of Science in Systems Engineering Management
Advisor: Timothy Anderson, Department of Systems Engineering
Second Reader: Raymond Madachy, Department of Systems Engineering
Through the Naval Surface Warfare Center, the National Shipbuilding Research Program (NSRP) completed 
a study in 1992 in which the NSRP identified the top-level parameters that have an effect on the cost of naval 
shipbuilding. These parameters, identified in the study, Evaluating the Producibility of Ship Design Alterna-
tives, are arrangements, simplicity, material, standardization and fabrication requirements. Since 2011, the 
Budget Control Act has created a climate wherein cost reductions dominate the program manager’s decision-
making process. Consequently, it is important for submarine program managers to understand the limitations 
of submarine cost construction estimates. In “Density as a Cost Driver in Naval Submarine Design and Pro-
curement,” a 2008 Naval Postgraduate School thesis, Benjamin P. Grant suggests the potential of applying 
a modular outfitting density factor into the submarine cost estimating process. This thesis investigates the 
arrangement aspect of the NSRP study using outfitting density, how tightly the submarine’s components are 
installed within a determined volume, and the correlation on production man-hours used to construct the 
submarine. The results of this study evaluate outfitting density and construction costs of historical submarines 
and find a positive correlation to aid cost estimators in determining if an outfitting density-adjusted cost esti-
mating relationship is applicable for preparing submarine construction cost estimates.
Keywords: density, construction, costs, outfitting, modular, production man-hours, submarine, Navy
UAV SWARM OPERATIONAL RISK ASSESSMENT SYSTEM
SE 311-141A/Team CQ Alpha
Master of Science in Systems Engineering and Master of Science in Engineering Systems
Advisor: Gregory Miller, Department of Systems Engineering
Co-Advisor: Mark Rhoades, Department of Systems Engineering
This paper examines the need for a UAV Swarm Risk Assessment Tool and how it can assist the Navy’s deci-
sion makers in assessing risk of UAV swarm threats in littoral environments, near potentially hostile countries, 
based on the latest intelligence. Human-centered design principles help determine the needs of experienced 
battle commanders. These needs form the basis of requirements and functional analysis. The system design 
concept consists of several parts: discrete-event simulation of UAV swarm attacks using ExtendSim, statistical 
analysis of the simulation data using Minitab, and a graphical user interface (GUI) that evolved as a web-app 
prototype written in MATLAB. Data from the simulation is analyzed and used to generate equations that cal-
culate the effect of critical factors: physical environment, number of UAVs, distance from land, and the ship’s 
defensive weapons. The GUI uses these equations to provide users with the capability to vary those critical 
factors and analyze different courses of action and risk. The physical GUI web-app can be used as-is, tailored 
or expanded. The paper concludes with an analysis of the actual GUI prototype built for UAV swarm risk as-
sessment and how it meets user needs.
Keywords: unmanned aerial vehicle, littoral environment, area of responsibility, counter UAV, risk assessment, 
graphical user interphase, GUI, decision makers, assessing risk, intelligence, physical constrained environ-
ments, ships maneuverability, swarm attack
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PLANNING TO EXECUTION EARNED VALUE RISK MANAGEMENT TOOL
SE 311-141A/Team MERICA
Master of Science in Systems Engineering and Master of Science in Engineering Systems
Advisor: Mark Rhoades, Department of Systems Engineering
This study presents a proof-of-concept software application capable of producing risk-based estimates for 
project costs and schedules, tracking project performance against baseline plans, and providing real-time 
updates for cost and schedule at completion. Current budget and schedule estimation practices within the De-
partment of Defense are often performed by different personnel across several software tools. Market research 
of existing commercial off-the-shelf (COTS) project planning and tracking software shows that tools com-
monly used by many industries require additional software packages and user training to perform uncertainty 
analyses. A modeling and simulation experiment demonstrates how using minimum and maximum duration 
estimates can result in baseline project plans that greatly underestimate and overestimate the project schedule, 
respectively. The prototype software application integrates the planning and execution tracking of projects. It 
accounts for uncertainty within the various activities in a project, thus creating more realistic baseline plans. 
During project execution, the prototype software application shortens the project status feedback cycle, identi-
fies any activities that go over cost or schedule, and guides management action by determining which activities 
have the greatest impact on the outcome of the project. It is easier to use when compared to current planning 
and execution tracking software applications.
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